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n The PREFACE. 

There are two Things abfblutely necefTaiyy to 
make the Acquifition of any Science as caly as its 
Nature will admit. Firft, the Difpofition. of the 
Work, fo that the Rules be clear and diftind ; 

and then die lllQibation of thcle Rules by a luf- 
£cient Number of proper and pertinent Examples. 
And tho' the excellent Elements of the judicious 
Euclid are of a different Nature, yet in this I 
have induftrioufly lludied to imitate him» that I 
propofe no new Rule or Article in itiis Science of 
Jr^ejltgatioiti till it become neceffary to carry the 
Learner to a further Degree of Knuwlcdge. 

Science may be compared to a highly finiftied 
Pile of Building, all the Parts of which being dif^ 
pofed in the moil exad: ^mmetry, tliey mull: affedl 
our Perception, and gratify our internal Senfation 
with a more exquifite Pleafure, than if viewed in a 
feparate State : For in fuch a State, to all but thei' 
Learned, they would appear broken and incon- 
nedled Materials of a mighty Strudlure, which the 
Mind wanting Power to conceive, could enjoy no 
Satisfa^ion in the Contemplation of fuch a Train 
of imperfe<fl: and confufed Ideas. But, when thus 
exhibited in their true Proportion, it will be eaiy, 
even for the youngeffc Scholar, to gain a perfedl 
Notion of each, and, as he advances, a gradual 
Comprehenfion of the Beauty refulting from their 
Connecfbion, and iiuw they muiaaiiy aiiiil and 
ornament each other. 

In teaching the ablf rad Sciences, Examples have- 
a ftrong as well as natural Tendency toilluftrate the 
Precepts concerning our abftradt Rcafonings, efpe- 
ctally in this Science of InvejUgatlon : In the Syn-- 
tbaic Method, or Method by Demonftration, one 

Example 
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Example or Propofition is fufficicnt,. for a Number 
of the fame Pfopofitions is only a Repetition of the 

fame fucceflive Train of Ideas; Tvhereas, in the 
Analytic Method, or Method by Invejiigation, the 
fame Condufion is gained, tho* there may be a great 
Variety in the Connedtion of the Rcafoning, by the 
different Difpofition of the Ideas, notwithftanding 
they are direiSed by the fame general Rule. 

And as the principal Difficulty in this Science, 
is acquiring the Knowledge of folving of Que- 
ftions, I have given a great Variety of thefe 
in refpeft to Numbers and Geometry, and their 
Solutions I chofc to give in the moft particular, 
diftind, and plain Manner j and for which the 
Reader will find full and explicit Dircftions. As 
it is prepofterous and abfurd, to cxpeft a Pcrlbii 
to be a Critic in any Language as foon as he has 
paffed thro' his Grammar ; fo, I cannot help think- 
ing it wrong to cxpeft a Learner fhould fee the 
Reafon of particular elegant Methods of Solution, 
before he has pradifed a general and univerfal 
Method ; but after the general Rules are become 
ealy and familiar, the Learner may then apply him* 
felf to the particular Methods. And I know of no 
Work that has illuftratcd and cxeaiphned the ge- 
neral and univerfal Rules in fo copious a Manner, 
9S will be found in the following Sheets. 

In the Arithmetical Operations, the Decimal 
Fraftions arc continued to two Places only, thefe 
being fufficient to fhew the Reader, that if the 
tuition admits not of an cxad Anfwer, he is yet 
near the Truth, and may profecute the Anfwer to 
required Degree of Exadlnefe, I have avoided 
all tediout Numw^fical Calculations, as they have no 
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Tendency to increafe the Learner's Knbwl^dge in 
Jllgebra. . , 

The Rules of Vulgar Fradllons in Algebra are 
omitted, being generally very perplexing to Learners; 
but as I have given iuiiicient Direiflions how they 
are managed whenever they occur in the Solution 
of any Queftion, the Reader will find no Difficulty 
in reducing an Equation with Fradioaal Quan- 
tities. 

It is ncceffary my Reader fhould underftand 
Vulgar and Decimal Fradions in common Arith- 
metick, and the Extradion of the Square Rooti 
and then I know no Reafon why a Pcrfon may not 
make himfelf a perfed Mailer of the following 
Work, excepting the Geometrical Queftions, which 
he may omit, and proceed to thofe which require 
no Skill in Geometry; for thro' the whole, where 
it was neceffary, 1 have given the fame Directions, 
as if I was actually teaching a Scholar. 
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AS all Arts have their Beginning, rude and 
weak, and reach Perfeftion by Degrees, fo 
that, which is the Subjedt of the following 
Sheets, has been cultivated by fo many illu- 
ftrious Men in our own, as well as in foreign Nations, 
that it cannot but appear a natural Introdu6tion to this 
Treatife, if we digeft the Hiftory of its Rife and Pro- 
grefs into a fuccind Difcourfe ; the rather, becaufe 
3ooks of this Sore are now become very numerous in 
ours, as well as in other Languages, and therefore, it is 
the more neceffary to record the Names of fuch as have 
eminently improved fo ufeful a Branch of Knowledge, 

The Word Jlgeira is certainly derived from the Ara^ 
Uc, but there have been fome Miftakes as to its Mean- 
ing. When it was firft introduced in Europe^ it was un- 
derftood to be the Invention of the tainous Fhilofopher 
Gehr ; and therefore Mcbael Stifelius calls it fometimes 
Regula Algehray and fometimes Rcgula Gehrig whence it 
is plain he underllood by it no more than the Rule of 
Geber^ or, as we ufually exprefs it, Geher^s Rule. Buc 
when we became better acquainted with Arabic Learning, 
this Derivation appeared ill founded : In that Languaae* 
this Art is called Al-gjabr lV*aUmokabala^ which is litel 
rally, the Art of Refolution and Equation. Hence ic 
is plain, we had the Word Algebra from the Arabic 
Name of the Art, and not from the pretended Invrncor. 
But it may not be amifs to ubferve, that the Arabic Name 
contains a Definition, or is rather an emphatic Decla- 
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■ration of the Nature and End of this Science ; for the 
Arabic Verb jdbara fignifies to refet, and is properly 
ufed in refped to DiQocacions, and the Verb bdbda^ im- 
plies oppofing, or comparing ; and hovr applicable this 
is to what we call Algebra^ the Reader^ when he is 
thoroughly acquainted with this Book, will eafily under- 
ftdnd. As It became better known to the Europeans^ it 
received different Names ; the Italians ftiled it Ars magna^ 
in their own L^anguage VArte Ma^jore^ oppofing to it 
common Aritbmetick, as the kiieroi minor Art. It was 
alio called Regula Cof^e^ the Rule of Cofs, for an odd 
Reafon : The Italians make ufe of the Word Ccfa^ to 
fignify what we call the Root, and from thence, this 
Kind of Learning being derived to us from them, the 
Root, the Square, and the Cube, were called Coffick Num- 
bers, and this Science the Rule of Cofs. I Hiould not , . 
have dwelt fo long on fo dry a Subje^, but that it is ab* 
iblutely necelTary for the underftanding what follows. 

It is a Point ftill difputed, whether the Invention of 
Algebra ought to be afcribed to the Oriental Philofo- 
phcrs, or to the Greeks \ but it is a Thing certain, that 
we received it from the Moors^ who had it from the 
Arabians, who own themfelves indebted for it to the Per^ 
Jrafjs and Indians j and yet, which is ftrange enough, the 
Perfians refer the Invention to the Greeks, and particu- 
larly to Arijhile. Yet, notwithllanding this, it muft be 
allowed that the Algebra taught us by the Arabians dif- 
fers very much froip that contained in the Works of 
BiophantuSy the cldeft Greek Author on this Art, whicji 
is now extant, and which was difcovered and publifhed 
long after the Algebra taught by the Arabians had been 
iludied and improved in the Weft. But all thefe Dif- 
ficulties, which have given fomc great Men fo much. 
Trouble, may be eafily furmounted, if we luppufc chat 
the Invention was originally taken from the Greeks^ and 
new modelled by the Arabians, in the fame Manner as 
we know that common Arithmetick was •, for this, which, 
is at kait extremely probable, makes the whole plain and 
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clear, and leaves us at liberty to purfue th^ Progrcfs of 
this Art from the firfl printed Treatifes about it. 
Lucas PacioluSy a Francifcan Friar, commonly kno««rn 

by the Name of Lucas de Burgo Sauuli Sepukhri, publith- 
cd at Venice^ under the Title of, A Compleat 'Irea'.ife of 
Arithmetick and Geometry, Proportions and Equations, the 
firft Book at prefcnt extant on this Subje6t. It was printed 
fo early as 1404, and is a very corre(it Treatilf.. He af- 
cribes the Invention of Algebra to the Arabians-t uks 
their Method, and treats very clearly of Quadratic 
Equations. After him, feveral Authors wrote on the 
fame Subject in Itafyy and in Germany \ but ftili the Art 
advanced little 'till the famous Jerom Cardan printed, at 
Nuremberg in 1545, in Folio, a Treatife with this Title, 
Artis magna ^ Jive de ReguUs Algebraids JJher unus 5 and 
fooa after a fmaller Piece, with the Title of Sermo de 
Plus (^ Mnusy wherein were contained Rule^ for refolv- 
ing Cubic Equations, which have fince been called C?r- 
dan\ Rules, though they were not invented hy hira, but, 
as himfelf owns, by Scipio Ferreus of Ronom.i^ and Tar- 
talea. The next celebrated Writer was a I rdnch Monk, 
whofe Name was Bueten, better known to the Learned by 
his Lj//« Appellation oi Buteor, he publifhed in 1559 ^^^^ 
Lt/giftka., m which there was a Treatife of Algebra which 
gained him great Reputation : Yet his Excellency lay in 
a clear and copious Manner of writing, nor does it ap- 
pear that he added any thing to what had been already 
difcovered, except fome Correftions as to Taruilea*% 
Method of managing Cubic Equations. 

Hitherto nothing was known in Ewrttpe of the Greek 
Analyfis, but in 1575 Xilander publiihed Diopbantus^ or 
at leaft a Part of his Works, which arc ftill remaining 5 
and this quickly changed the Face of Things, for it pre* 
fently appeared that his was a nearer and more cafy ivie- 
thod, and withal opened a Path to much greater Difco- 
veries, which was the Reafon that fucceeding AJgebraifts 
quitted the Terms made ufe of by ylrabic \\ r iters, and 
followed his, The Tirn^ in which Dwphautu^ ilouriihed 
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is not thoroughly fettled. Vojfms thinks he lived in the 
fecond Century, but others place him in the fourth. 
His Works were known to the Arabiansy and tranflated 
by them ; nay, it is faid, that they have ftill thofe leven 
Books of his Arithmetick, which are loft to us. The 
famous Arabian Hiftorian Abut F hofe Works 

were publiihed by the learned Pocock^ not only mentions 
him, but afcribcs to him the Invention of Algebra ; but 
in this he is to be underftood, as writing according to 
the Lights he had i for tho' it be true, that Diaphamus 
AUxandrinus is the oldefl Author we have which treats 
exprefsly of the /inalytk Arty yet the Footfteps thereof 
are vilible in much older Writers. Tbeo^ who is thought 
to have explained the five firft Propofitions of the thir* 
tecnth Book of EucM in the Analytic Way, gives the 
Honour of this Invention co Plato \ and indeed, k fcems 
very agreeable to his Genius, and Method of Reafuning 
on Mathematical Subje<5ls. By the Junction of both 
Lights, and a proper Connexion of the Arabic Method 
of Inveftigation with the Greek Terms, which wci;e Ihorter 
and eafier, Algebra quickly became a much more ufeful, 
as well as confiderabie Science, than it was before. 

In our own Country, the iirft Writer upon Algebra 
that we know of was Dr. Robert Reccrdy a Phyfician, 
who diflinguiihed himfelf in the Reign of Queen Mary^ 
by his Skill in the Mathematicks. He firft publifhed a 
Treatifc of Aruhmetick, which continued the Standard 
in that Branch of Knowledge for many Years, and in 
1557 he fent abroad a fecond Part, under the Title of 
Cos Ingeniiy or the IVhetftone of Wit^ which is a Treatifc 
of* Algebra ; the Word Cos alluding to Cojftck Numbers, 
or the Rule of Cos^ by which Name, as we have before 
fhcwn, this Art was known abroad. This Treatifc is 
really a great Curiofity, confidering the Time in which 
it was publiihed, and together with his other Works, 
mud give us a high Idea of this Man^s Induftry and Ap^^ 
plication, w hofe Memory notwithftanding is almoft buried 
in Oblivion. But, notwiUiiunding the carJy Publication 
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of this Piece, and that fome Efnglifii Gentlemen had in 
their Travels acquired fome Knowledge of this Kindy as 
appears by a Sfatajh Treatife of Algebra, publifhed by 
Pedro Nunnez in 1567, yet ic continued to be fo little 
cultivated in England, that John Dee, in his Mathema- 
ticai Preface prefixed to Sir Henry Bdlin^jl^'^ 1 ranilation 
of Euclid, printed at London in 1570, fpeaks of it in 
very high Terms, and as a Myftery fcarce heard of by 
the Studious in the Mathematlcks here. Ic is however 
plain, from fome of his Annotations on Euclid^ that he 
was tolerably verfed therein, and was even acquainted w ith 
the Manner of applying it to Geometry, lo i ^ 79 Lco^ 
rtard Digges, a great Mathematician for thofe Times, 
printed a Treatife of Algebra in his SiralioUcos after 
which it came to be better known and more ftudied, to 
which contributed not a little, the Improvements made 
by the Author I am next to mention* 

Francis VietCy better known by his Latin Name of 
Francifcus Vieta^ was a Native of Potiou^ in France^ and 
Mailer of Requefts to Q^cen Margaret, liiil Wife to 
King Henry IV. His AfFedion to the AJathematicks, and 
efpecially to this Fart ot it, was fo ftrong, that he fre- 
quently paflcd three vvhole Days and Nights in his Study 
without eating, drinking, or fleeping, except a Nod now 
and then upon his Elbow *. He, about the Year 1590, 
publifhed a Treatife of Algebra in quite a new Method* 
and by a judicious Mixture of the Greek and Arabian 
Rules, with fome Improvements of his own, introduced 
that Mode of Calculation which is ftill in Ufc, under the 
Title of Specious Aritbmetick. Before his Time, only 
unknown Quantities were n.arked by Letters, but fuch 
as were known were fee down in Figures according to 
the ufual Notation : He made ufe of Leciers for both 
only with this Dilbndion, that the known Qi^antities he 
rcprefented by Confonants, and the unknown by Vowels 
By this Contrivance he greatly extended the Science, and 
which was more, (hewed its Capacity of being faalicr 
extended, For, whereas former Algebraiils iiadlroniined 

♦ nmn, Hill. A, Z>. 1603. ^^^^^^ 
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their Invctligations to the particular Queftions propofed 
to them, he by this Means produced Theorems capable 
of rciolving all Demands ot a like Nature, indead of 
particular Solutions. The learned Dr. fVallis has ac- 
counted very clearly for the new Title which Fieta gave 
to his Algebra. The Romans had a Method of ftating 
Law Queftions under geweral Names, fuch as Ttius and 
Smprenmsy Casus and MeviuSy whence we derive our 
Way of uiing A, C» D, on fuch Occalions, which 
Method of ftating the Civilians ftile Species^ in Oppo- 
£tion to the ftating of real Cafes by true Names, Vieta 
having made a Change of the fame Nature in Algebra, 
and being, as we obfervcd before, a Lawyer by Profeflion, 
he borrowed from thai Science this Title or h;s new In- 
vention, which was received with univerfal Applaufe. 
We have likewife many ot his Works, under the Name 
of Apollonius Gallus^ which he aflumed on Account of 
his hrll attempting to rcdorc the Works of Apollonius 
Pergaus* His Genius was fo extenfive, and his Pene- 
tration fo great, that it enabled him to apply his Mathe*- 
matical Knowledge to moft Subjcds of which we have 
a particular Inftance, in his decyphering the Letters 
which pafled between the Court of Spain^ and the Fac- 
tion of the League in France^ notwithftanding above 
Bve hundred different Charaders were made ufe of in 
them. About the fame Time flourifhed Raphael Bom- 
belli ^ an Italian^ who publiflied at Florence a Treatife of 
Algebra, wherein he firll tai;;^lit how to reduce a biqua- 
dratic Equation to two Quadratics, by the Help oi a 
Cubic. 

Our own Countryman, Mr. fVilliam Oughtred, was the 
next great Improver of Algebra. Building, however, on 
what Vieta had already performed. He introduced fuch a 
Concifenefs, and withal fo plain and perfpicuous a Me- 
thod of inveftigating Geometrical Problems, as acquired 
him immortal Reputation; His Clavis Mafbematide^ or 
Key of the Matbematicks^ was Br ft publiihed in 1 63 1 » and is 
perhaps theclofeft and moft compendious Syftem hitherto 
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extant. In this Work he contented himfeif with the Solu* 
tion of quadratic Equations, reierving thoie of higher 
Powers for another Work, which was his Exegefis Num- 
rofa^ which in later Editions is joined to his Clavis. In 
both Pieces there were abundance of Additions and Im- 
provements, and the Doctrine of Proportions more fully 
and clearly ftated than hitherto it had been % but the 
greatefl: Excellency in Mr. Ougbtred^s Book, was his Ap- 
plication of the Analytic Method to Geometry, which 
he did in a Variety of Cafes, and enabled his Diiciples to 
proceed ftill farther than himfeif had done. By Profeffion 
he was a Clergyman, and Reflor of Albury in Surry^ 
where he gave himfeif up entirely to his Studies, and to 
the Converfation of a very few Friends ; he lived to the 
Age of Fourfcore and Seven, and died then ot Juy, oa 
May I, 1660, at hearing the lioulc of Commons had 
voted the King's Return. Some have cenfured his 
Clavis as too fhort and obfcure, and fo indeed it might 
prove for luch as were altogether unacquainted with thele 
Studies, for whofe Ule it is plain enough he never dc- 
figned it J but where Perfons are acquainted v*'ith the 
Elements of Geometry and Algebra, and have that Saga- 
city and Attention which is neceffary to make any con- 
fidcrable Progrefs in this -Sort of Learning, Mr. Oughtred*^ 
Key will be itili found a very ufctul Book, and its Style 
the mod perfefl in its Kind that has ever beenufed* 

Contemporary with him was Mr. Thomas Harrioty an 
excellent Mathematician, and who made ftill greater Im- 
provements in this Science. He is placed after Oughtrtd^ 
tho' he died long before him> becaufe his Book was not 
publifhed till fome Time after the firft Edition of Oughtred^t 
Clavh, It was then printed in a thin Folio by the Care 
of Mr. ff^aiur fFarner^ under the Title of Ar/ts Ana^tM 
Praxis ad yEquaiiones Algebraicas novd^ expeditdj Csf gi» 
nerali Methodo, refolvendas^ TraSlatus poftbumusy (^c, i.e. 
A Treatife of the Analytic -A^rt, containing a new, ex- 
peditious, and general Method of refolving Equations, 
a pofthumous Traft, by the late learned Mr. Thomas Bar* 
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riot. The Publifher, Mr. Warnery prefixed a Preface oF 
his own, containing a very judicious, tho' very concife* 
Reprefentation of the feveral Parts of Algebra, their 
Nature and Dependance on each other, the Extent and 
Ufefulnefs of this Art, and the Progrefs thereof to that 
Time. In Mr. Harrict*% Book, Algebra takes a new 
Form, and from him alone it met with more Improve- 
ment than from ail who had ftudied, or at leaft all who 
had written upon it, before him. He was indeed one 
oF the greateft Men this Nation ever produced, and 
great Pity it was, that this Work of his did not appear, 
in his Life-time, or that his other Pieces, which were of 
infinite Value, fhould be buncd in Oblivion. The true 
Caufe of the former feems to have been his Courie of 
Life ; he was a Dependant on the Earl of Northumberland 
and Sir Walter Raleigh^ and afterwards upon Sir 'Thomas 
Ayltjhury^ to whom, if I am rightly informed, he left 
many of his Writings, and, as I hinted, tike Keaion of 
his not publifhing them in his Life-time, feems to have 
been his Deference for his Benefactors. Happy had it 
been, if the rell of the Mathematical Works he left had 
been fent abroad (as in his Preface he feemcd to promife 
they fhould) by the intelligent Editor of this excellent 
Work, 

It is divided mto two Parts ; and the Author begins his 
Improvements by removing every thing that was ufe- 
Icfs, fuperfluous, or inelegant m tormer Methods-, thus 
inftead of Capitals, he introduced fmali Letters •, inftead 
of the Terms, Squares, Cubes, Surfolids, isic, and their 
Contradions, he brought in the Powers then^felves, 
v?hich made the Operations much more eafy, natural, and 
perfpicuous than they were before. Having thus efta- 
biifhed a plain and accurate Notation, h^ proceeds to a 
Multitude of new Difcoveries, of which, to the Number 
of twenty-three, the Reader may find a full, diftin^t, and 
very judicious Account, in the celebrated Treatifeof Dr. 
Wallh, From this admirable Piece of Mr. Harriot% 
Des Cartes took all the Improvements he pretended to 
X niake> 
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make, as the Do6lor jiiftly obferves, and of which I fliaJi 
furnifh the Rcadei* with lomc concife, and I think con- 
clufive Proofs. Firfty It appears trom all the Account* 
we have of the Life of Des Cartes^ that he was here in 
England when Harrhl*s Book was publifhed, which be* 
ing written in LatWy in a Branch of Learning about 
which that great Man was then very fedulous^ it is eafy 
to conceive that he was one of its mod early Ferufers > 
Secondly^ It is certain that he did not publifh any thing on 
this Subjed before that Year \ Thirdly^ His Treatifc of 
Geometry, wherein thefe new Improvements firft ap- 
peared, was printed in French in 1637 without his Name» 
which in all Probability was to try what Opinion the 
World would have of them, and whether any of the 
French ^iathL'maticians could difcern whence they were 
taken ; Fourthly^ I'hough he fufFered the two firft Parts 
of his Book to be pubHihcd in Latin^ with his Name, in 
1644; yet the third Parr, relating to Geometry, did not 
appear till 1649, when it was publiflied by Francis Van 
Schooten. Thele are probable Kealuns only, but then. 
Fifthly^ Pie tollows Harriot diilintftly in iSinctecn feveral 
Difcoveries; which that they lliould be made in the fame 
Method and Manner, (except a few Miftakes) without 
confulting Mr. Harriot^ is altogether incredible, and was 
fo held ro be even by his own Countrymen, whrn, 
thro* the Information of the Honourable Mr. Cavendtjh^ 
, they were made acquainted with Mr. Harriotts Book ; 
Sixthfyj There are fomc little Changes, particularly in the 
Marks made ufe of by DesCarteSy and which were never 
followed by any body, that plainly intimate he only 
introduced them, in order to difguife his Method i 
SevenMyy It appears that Des Cartes himfelf was ac- 
quainted with the Charge brought againft him upon this 
Head, and yet he never thought fit to juftify himfelf, 
nor did ever fo nuich as declare that he had not feen 
the Book he was laid tu have copied. On the whole there- 
fore, there is all the Realon in the World to believe, that 
the Honour due to the great Xmpryvemeiit of this Science, 

c which 
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which fitted it for all that it has received fince, from 
Foreigners or Engiijhnien^ belongs to our Au\.\\ot Harriot^ 
arid not to Des Cartes, who only accommodated ihefe 
Difcoveries to Geometrical Subjects. 

After him Dr. John Felly who was Rclident for the 
Commonwealth England m Switzerland^ publiflicd fome 
new Difcoveries. The Method he took of doing it was 
this, he recommended to Mr. "Thomas Brancker a Treatife 
of Algebra written in the German Language by RboniuSy 
which when he had tranQated, the Doftor revifcd, altered 
and adddd to it. In this Piece there are a great many 
curious Things relating efpccially to Dtopba)ji:^:j /llgetray 
but delivered very obfcurely, infomuch, that the learned 
Dr. WalHs feems to be in doubt, whether himlelf had 
reached Dr. Peirs true Meaning. Yet, to this Gentleman, 
who wrote in fo perplexed a Way, we Hand indebted for 
the Invention of the Regifter ; a Method of great Ufc, 
efpecially to Beginners, the Pradice of which was what 
chiefly recommended K&rfey^% Algebra, and which is con- 
flantly and judicioufly prefervcd throughout the follow- 
ing Treatife. It is very likely, that the Darknefs cona- 
plained of m Dr. /^^//'s Writings might be owing to 
his Circumftances as well as Temper^ for he was a very" 
bad CEconomiil:, not through any Vice or Extravagancy, 
but by a Negle<5t of his private Aifairs, and fpendmg all 
his Time in Study. 

As for the Rules of ^John Van Hudde, Mr. Merryy 
Erdfmus Bartholincy Mr* Hugens^ and others, I do not 
take Notice of them, becaufc in reality they arc no more 
than Improvements on, or Deductions from, HarrioU 
The fame Thing may be faid of what has been written by • 
Me/r. Farmaty de Billy ^ FernicUy and other French Mathc- 
ipaticians, who only propofed Problems for other People 
to refolve, and referved their own Methods of Solution 
as impenetrable Secrets : A i'radice, which, however it 
might intitle them to the Admiration of the Age in which 
they lived, can give them no juft Claim to the Praile of 
Poitcrity j fuicc if we reap any Benefit from their Difco- 
veries, 
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veries, it is indiredly, and in a Manner againll their 
Incenuons. 

Dr. ^is/Z/j hiiiilelf has alio made fome very confiderablc 
Improvements in this Science, efpeciaUy in refped to im- 
poffibie Rootsinfuperior Equations 5 and what he left un- 
perfected has been fupplied by the ingenious Mr. Abraham 
De Mcivre^ whofe accurate Performance on that Subje<ft 
has been lately publifhed, in the Algebra of Dr. Saunderfon, 
In 1 655 Dr. ;F<2//f J publifhed his Aritbmetica Infiniiorum^ 
in which he fquared a Series of Curves, and (hewed that 
if this Series could be interpolated in the middle Spaces, 
the Iruerpolanon would give the Qiiadraturc of the Circle. 
This Treatifefell into the 1 idnds ot the ingeruous Sir Ijaac 
then Mr. Newton^ in the Year 1664, when that Gentle- 
man was about Two and Twenty ; and he by a S.igaciny 
pecuHar to himfelf, and which can never be enough ad- 
mired, derived trom this Hint his celebrated Method of 
Infinite or Converging Series* In 1665, he computed 
the Area of the Hyperbola by this Series to Fifty-two 
Figures, which having communicated to Dr. Barrow^ he 
previented Mr. Nicholas M^rf<i/^>r's running away with the 
Reputation of this Difcovery, who in 1668 publifhed the 
Quacjrature of the Hyperbola by an infinite Series. This 
was received with univerfal Applaufe, and yet Mr. New- 
ton far exceeded him ; fince, without (topping at the Hy- 
perbola, he extended this Method by general Forms to 
all Sorts of Curves, even fuch as are Mcch.uiiLal, to their 
Quadratures, Reflificatior.s, and Centers of Gravity, to 
the Solids formed by their Rotations, and to the Super- 
ficies of rhofe Solids ; fo that luppofing their Determina- 
tions to be poilible, this Series llopped at a certain Point, 
or at leaft their Sums were given by United Rules. But if 
the abfolute Determinations were impofllble, they could 
yet be infinitely approximated, as he likewife fhewed, 
and which, as a French Writer juftly obferves, is thchap- 
pieft and moft refined Contrivance for fuppiying the De- 
feds of human Knowledge, that Man's Imagination could 
polTibly invent. It is alfo certain, that he attained his 

c z Invention 
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Invention of Fluxions by that Time he was Four and 
Twenty, but his Modcfty was fo great, that he forbore to 
publifli his Difcoverjr, which was the fole Reafon that the 
Honour of it wa$ ever difputed with hitn. 

•In 1707, he firft publifhed a Syftem of Algebra under 
the Title of UniverJ'al Arithmeticky and in 1722 gave 
another Edition of it, wherein arc contained all lui iia- 
provemencs in that Art, 

From the Rules by him laid down, flill farther Lights 
were Itruck out by fucceeding Mathematicians, fuch as 
Pr. Edmioid TJaUey, who publifhed in the P hilofophical 
%ranja&msy a Method of finding the Roots of Equations 
without any previous Redudion, and the Conftrudion of 
Equations of the 3d and 4th Power, by the Help of a 
Circle and Parabola. Mv. J. Colfon^ who obliged the 
learned World with a univerfal Refolution, Geometrical 
and Mechanical, of Cubic and Biquadratic Equations. 
^Ir. Colin Mac Lattriftj in his Treatife of impoflible Roots, 
and many others too long to be enumerated here. 

But atter all ihefe Difcoveries and Improvement^, there 
has trill been a general Complaint, that hitherto vvt have 
had no Book oj- Algebra plain enough to inttrudt i'uch as 
^re inclined to ftudy this Science without farther Afliil- 
ance, or who live in Places where it is not to be bad. To 
obviate this Objcdion, the following Treatife was drawn 
up, which will be found to contain a clear and copious 
^y^lem of Algebra, delivered in fo eafy and natural a 
Method, and with fuch Perfpicuity and Condefcenfion to 
the Feeblenefs of the Underflanding, when firfl applied 
to this kind of ^tudy, that I felicitate myfelf on having 
prevailed upon its Author to make it publick, as I am 
pertiiaded i: will be of general Ule, in preventing young 
i:^eop]e from being difcouraged at their firft Entrance inty 
Algebra, which has hitherto hindered Numbers fron^ 
cultivating their Inclinations to the Mathen^aticks, 
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t'T AVING given the Reader an Hiftorical Account of 
I this Science in the Introduction, we aie now to explain 
the Signs and Characters ufed by Analytic Writers, and 
mention thofe Axioms or Self-evident Principles of Truth and 
Certainty, which are the Foundations of this celebrated Science. 



Signs, 



Names, 



Signijications, 

The Sign of Adilition ^ as 8 4? is ^ >s 
to be added to 4, ZTidm'\^ n HgniBes the 
Number reprefcnted by /», ts to be added 

t 7 f o; to the Nunnber reprefented by « ; again, 

4- }■ i Plus or more, ^ ^ , , r -a \\ if. k jj I 

* J i ^ ?-|- f:^n;hfs they are a'! to be added 

into one Sum, and b '\-m-\-d{\o^\^Q'-~ that 
the Numbers reprefented by />, /«, and d 
^a:e to be added into one Sum, 



f The Sign of Suhftra6iion\ as 5 — 2, is 
" 5 Icfs by 2, or 2 is to be fubftra<Sted from 
5, and a — b is a lefs ^, or the Number 
; r ] ' core Tented by b is to be fubftra£led from 

iinUS or kjs,< .1. vt . • r ^ \ J 

I the Number reprefented by a*j ana 9 — 2 
— 3, is that from 9 there is to be fub- 
rti acled 2, and from the Remainder 3 is 
i_to be fubilraC^cd. 



The Sign of Muli': plication \ 355X7, is 
5 is to be mu!tipned bv 7, iiw^axb^ is 
the Nuiiiber lepieitiucu by ^, is to bs 
X I \ liiio or iviib. -{ multiplied by the Number reprefented by 

1^5 and 7 x 3 X 2, is that 7, 3, and 2, are 
I to be m jUiplie(j t ^i ihcrj which Product 
{^is 42. 
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f The Sign of Divifim ; as 8 4, that is 

8 is to be divided by 4, and x-^y^ that 
is, the Number repielented by a*, is 10 be 
divided by the Number rcprelented by y; 
or fometimes they are placed hke Vulgar 

K Fradions thus — , that is, 8 is to be di-' 

4 

vidcd by 4, and — , that Is, the Num- 

y 

ber reprefented by at, is to be divided by 
the Number reprefented by y. 

f The Sign of Equality or Equation ; thus 

9 ir: 9, that is, 9 is equal to 9j and 2 -|- 3 
= 5, that is, 2 added to 3, is equal to 5 : 
Again, /« = «-^-y, that, is, the Numbe.r 
reprefented by m is equal to the Numiber 

, reprefented by ad tied to the Number 
reprefen led by y j and y — x—a'\-hi that ' 
is, the Number reprefented by y being 
leflened by the Number reprefented by 
the Remainder is equal to the Nuntber 
reprefented by added to the; Number 
reprefented by h. 

The Siiin of Proportion^ or what is 
conimoniy ilcd Rule of Three, and 
is placed between the two middh Num- 
, ber thus, 3 : 5 : : 6 : 10, that is, as 3 is to 
So is* -< 5, fo is 6 to 10 5 and a :b::c:d^ that is, 
as the Number reprefented by ^?;^is to the 
Number^reprpfented by Z^, fo is tie Num- 
ber reprefented by c to the Number re- 
prefented by 

^ The Sign of Involuilony nr raifing any 
Number or Qiiaality to the Squariy Cubf^ 
oranyotherPov/er; and the Heighth of the 
Involution is generally ex(:.rcfled by the 
r J ^* J Number after the Si<»n thus, 7 ©- 2v .is 7 
IS to be involved to the bquare or tecond 
I^owcr ; and y Q- 3, is 7 is to he in -'ol\'cd 
or raifcd to the Cube or third Powtr ; and 
aG- 2y is a is to be involved to Liie St^uare 
{_or fecond Po ^/cr, 
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3 



J ft (ithnalttyy ! 
or ^//^y/ <J 
Root, 



The Sign of Evolm'm, or the cxtrn<5i* 
ing of Roots 5 and the Root that is taken 
is likeivife exprcfled by the Figure that 
follows the Sign, thus 9tw 2, is the Square 
Root of 9 is to be extra£ted, and 27 3, 
is the Cube Root of 27 is to be extracted, 
and aauu2y is the Square Root of aa h . 
(,to be extra£ted. 

f The Sign of Jrrationaliiy^ or of a Sunl 
Root ; that is, the Number or Qu'intity 
has not luch a Root as is required to be 
extrafled ; thus the Square Root of 2 
will be cxpreiFcd thus ^ 5, and the 
Square Root of 5 thus 5, and u:^ Cuoe 

3 

Root of 4 thus 4, the little Figure 
landing over the Sign being 3, ihews it to 

3 

be the Cube Root^ again, s^/ 15 is the 
Cube Root of 15, and where there is no 
fuch Figure over the Sign, it ligniiies the 
(^Square Rodt only. 

Now beiorc we go farther, it wul be neceflnry to inform the 
Reader, that where any Number is joined tu a ( /^jantitv, it 
fhews how mony Times that Quslntity is taken ; tbu.s 4 a is 
four times a, or the Number reprefented by a is to be taken 
four times ; and 7 ;« is /even times m, and if y was to be taken • 
/even iimesy it may be expcefled thus 7 y, 

Thefe Numbers arc called Co- efficient s.^ or Fellow^ Favors y as 
they multiply the Quantity j and if any Quantity is without a 
Co-efficient, then it is always implied that UnitXy or i, is the 
Ci-i'£icient of that Quantity j thus a is the fame as i /?, and y 
the fame as iy% for when the Co-eiHcient is only Uftity^ or i, 
it is generally omitted. 

Quantities that are cxprellcd or reprefented by Tingle Letters, 
or feveral joined together like a W 01 d, as ^, /», a by an Zy y y s, 
are called fimple or fmg^e Q^iantitias. 

Buc when ibefe me conne^^ted by the Signs -J- or astf-j-^, 
a t/:- — m', f! ^-z, they nre called compound O'lantifies, 

And ioaictinics Quantities aie let down in the Manner of 

Vulgar Fra^Slions, thus, 
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The Sign that conne£b the Quantities belongs to that which 
follows the Sign, thus, <2 ^, where the Sign -f- belongs to the 
Quantity b ; again, a — <: + ^> the Sign — belongs to the 
Quantity and the Sign -f- to the Qiianrity d. 

As to thofe fmgle Qiiantities which have no Sign before them, 
it is always unueritood they have the Sign -{- ; thus a is the fame 
as -|- (7, and m is the H^me as -|- ?w ; and therefore if fingle 
Quantities are to have the Si::n -f-, it is cunimon!y onutted, as 
they are ufuaHy fet down vviihout any Si^n ; but the Sign — is 
never omitted, but always placed before the Quantity to which 
it belongs. 

And in Compound Quantities, if the firft or leading Qiiantity 
has no Sign, then it is always underftood to have the 5ign 
thus, a 4" ^ is the fame as -|- <2 4- ^, and a — ^ is the fame as 
j^a-^i i therefore in Compound Quantities, if the firft or 
leading Quantity is to have the Sign it is generally omitted ; 
but in thele Compound Quantities, as well as in Simple Quan- 
tities, the Sign is never omitted, but always placed before the 
Quantity to which it belongs. 

Letters fet or joined together like a Word fij^inHies the Pro- 
duft or Re^^angle ot thefe Letters, thus, ii b is the Product 
of ^multiplied by ^, and d a y is the Product of fid «, and 
multiplied together. 

I'be Operations in Algebra are founded on thefe Axioms. 

AXIOM r. 

If equal Quantitie<? are added to equal Quantities, the Sum 
of thefe Quantities will be equah 

AXIOM 2. 

If equal Quantities are taken or fubdra^led from equal Quan- 
tities, the Quantities remaining will be equal. 

AXIOM 3. 

If equal Quantities are multiplied by equd Q;s:iii£ities, their 
Produ(5ts will be equal. 
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AXIOM 4. 

Tf equal Quantities are divided by equal Q^iantiues, thcuf 
Quoiicats will be equal* 

AXIOM 5. 

If thcr." arc feveral Qiiantities that are equal to one and the 
fame Thing, tliole Quaiuities are equal one to another. 

The Reader having premifed thefe Things, and underftanding 
what the Signs are intended to exprefs, he may proceed to the 
Ruks of the Science y and if at firft he meets with fome little 
DiiHculties- about the Signs and Co-efHcients> I would recom- 
mend him to read the foregoing Pages again ; and if that and 
another EfTay or two does not remove the Difficulties of any 
particular Example, then to omit that and proceed to the next, 
in which perhaps he may fucceed, and that may caufe the Di£-> 
culty in the other to vanifh. 
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which there are three Cafes* 

(i.) CiT/tf ¥ 7"HEN the Quantities are alike, and their 
Vy Si§"s are both affirmative, or both negative, 
add the Co-efficients or prefixt Numbers together, and to their 
Sum join the Quantities, prefixing to them the Sign they have 
in the Example, 



Exam, i« 

To 1 a 
Add 3^ 

Sum 5 a 



Exam, 2* 



Exam* 3. 



Exam, 4, 
«— b 2; 



2 m 
7 m 



Exam. I, The Co-cffitients arc 2 and ^, ivhic'i added toge- 
ther make 5, to which ning a the Quantity, it is 5^1', and*no 

Sliin 
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Sign being prefixt to e ther 2 a or 3^7, the qffir.'naihe Srcn is 
iinderftood as preiixt to bothj hence 5 a, 014-5 ^ the Sum 
leqtiired. 

Exam* 2» The Co>efficients are 5 and 2, which being added 
make 7) to which joining w, it is 7 w, the Sum required ^ for 
the Signs of 5 »i and 2 m are both affirmative^ by what was faid 
in the iaft Example. 

Exam, 3. The Co-efiicients are 4. and 3, which being added 
make 7, to which joinings it becomes 7^5 but as 4^ and 3jf 
have both the Sign — before them, therefore prefix the Sign—- 
to 7 V, and then — 7 is the Sum required. 

hxam. 4. The Co-efficients are 2 and 6, which added make 
8, to which joininn it becomes 8 z, and prefixing the Sign — * 
fur the llealon in the lall Example, we have — 8 », the iimn 
required. 

Exarri, 5, Exam, 6. Exam, 7. Exam. 8; 

To ISmy ^i^azx ^ady '-^iSymd 

Add 7 ■ — 2 a 'z X 3 ,7 ('/ V • — 12 )' ni d 

Sum Zlmy '-^itazx yady ^zSymd 

Exam. 5. The Sum of the Co-efHcients 15 and 7 is 22, td 
which joining it is 22 my^ the Sum required ; for i$my and 
ymy have both the affirmative Sign, there being no Sign 

prefixt. 

Exam. 6. The Sum of the Co-efficients 14 and 2 is 16, (o 
v.>hich joining ^ 2; .v, \\. \$ 16 z .r, to which prefixiiiL'; the >>ii\n 
— , as both the Quantities to be added have that Si^n, then is 
16 a z X the Sum required. 

Exam. 7. The Sum oi" the Co-efficients 4 and 3 is 7, to which 
joining <2^^, it is ^ady^ and both the Quaniuics iiavin^ ilie 
affirmative Sign, therefore y a dy\s the Sum required. 

Exam, S. The Sum of the Co-efEcients 16 and 3 2 is 28, to 
which joining m d^ it is 28 ^ w d, to which preftxing the Sign 

, as both the (^lantities to be added have that Sign, then id 
— ▼ 2 8 J' ?n d the Sum required. 

Exam, 9» Exam, 10. Exam, f i. Exam, 12. 

To imy I an 21 dy — da 

Add 2u« dy ^da 

Sum 5 3fl>x 22-<// — 2i/** 
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Exnm. IT, The Co-cilicicnts are 21 and r, for there being 
no Co efficient ptefixt co dy, Unily, or r, is always underftood 
in fuch Cafes t > bs the Co-efacicnt j hence the Sum is 22 rly. 

Exam. 12. There being no Co-efficient prefixt ro eiiiier of 
tiicf (^ianiitie?, Unity^ or 3, is the Co-ci-ncicjit to each ; and i 
beiii^ aijucci to i makes 2, i.o which joining; d it is d to 
whicii preaxint^ the nf^<.tUvc/6\^^ny we have — ada, ihe Sum 
irequiicd. 

' (2.) If there are two or more Qvianliries conne(Hecl by the 
Signs ~|- or — , aiiu are alike to two or more Quantitie.'^ con- 
neded by the Signs or — , the-/ arc added as in the former 
Lxaniples, only taking due Ca; c 'Jiaul-.c ^^lantities which com- 
pofe theii Sum are connr^'^ed with tl.tir proper Sign*, accoiding 
to the Rule, as in the tuliovving Examples. 

Exam, 13. Exam. 14. Exam, 15. 

To "Xa^^-i b 6 ma-Y 2l a ~\-~ 2 y d 

. .-3^ + 2^ • 2r,ia -\- 3 y ^ ^ma V 4 

• jSum .5 ^ 4- 9 ^ma-^^y zj^?7ia ^yd 

Exam. 13. Ls 2 a -\- y u to be added to 3 j 2 h. The 
Quantities being difpofcd in the Example, it follows from 
Ibunei Examples that 2. a heinci: add; d to 3 a makes 5 ^rid 7 
added to 2 niakes c^b \ but as 7 h nnd 2 u have both the uiEf- 
maiive Sign, to 5^^ connect 9^ wiiii the Sign ; henve 
5 <7 4" 9 ^ is the Sum required. 

Exam, 14. Is 6 4- 5;? to be added to 2 ma 3;». Now 
by the forsuer Examples dma being added to 2 w ^ is 8 m a, aiid 
% 'C}^^'^^.% ^^^"^^ to 3^ is 87 ; but as 5;f and 3)^ have bo.;; the 
tijprr.iohvi Sign, to 8 w connc<fi 8;* with the Sign -j- ^ fo will 
8 w-^^ 4~ ^ ^ ^^^^ ^'^^'^ required. 

Exam, 15. I J x\m a 2yd to be added to 3 /« ^ 3 
Now by th.? former Hj'arnplcs 2i m a being added to 3 ma^ the 
Su:n is 24 !j:a\ and 2j>d' being added to ^y^y the Suai \s syd^ 
But as 2 -and 3;'i'/ have both the affirmative Sign, therefore 
connecting 24 r,i a i nd 5 y</ with the Sign --|-, we have 24 « a 
-{- Syd) the Su'Yi i*:quhcd. 

Ex£7ji. i6. Exam, 17. Exam. 18. 

To — ydj'-^i^m 9«<2— .14;;^ — 2«»4-i5y^ 

Add — // a — 4 3 ^ — 3;/^/ — 4 4.vi 

Suni — 9 i w — i 9 m i 2 m a — n ~d ^tmn-\- n^y d 

Exam. 
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Exam* 16. Is — - 7 ^<7 — 1 5 w to be added to — 2 da — ^m. 
Now '] da added to %d a \s <^da\ but as both thele Quantities 
have the Sign — , prefix the negative Sign to 9 ^ and then it 

is — 9 da. Again, i c; m added to 4 w is 19 ?r! ; and both thefe 
Quantities having like wife the vcg^ifrv^ Sign, preEx it to 19 m i 
whence the Sun) required is — o du — iqm. 

Exam. 17. Js g /It a-— 14. n d to be added to ^ma — 3 « d» 
Now 9 ^ added to 3 w Is 12 ma', and both thefe Quantities 
leaving the Sign -|-, place down iima as in the Example: 
Then 14 « </ added io ^nd, is 17 ndy but both thefe Quantities 
having the Sign — , place the Sign — before i^ndy and the 
Sum required is izma — ly Ji d. 

Exam. 18. Is — 2OT« + i5^</tobeaddcd to — 4;»«-|- 4yaf'. 
Now 2 ;// « added to 4 w is 6 w but both thefe Qiiantities 
having the negative Sign, prefix the iign — to 6 ;« and then 
it is — 6 Pin. And isyd nddcu to^yd, is iq y d ; and both 
thefe Quaiitiiics havin? the ;.{rirmative Sign, preiix the Sign -J- 
to 19></ i hence the Sam is — 6 m n -j- 1^ j d* 

£^i4m. 19. Exam, 20. 21. 

To gyd-^ya ^^y^-^^S^ — I4J'+ ^ 
Add 2)^^^ — a 2yd-^ a — J>+ ^ 

Sum ii;-^ — B^z i^yd-^iba — ^Sy-^-^^^ 

Exam* 10. ^Vhen you come to add • — 7 ^ to — a^ there 
beinr? no Co efficit i.t piefixt to ^, Unity, or i, is always in fuch 
Cafes theCo-efRcien? ; an^' '•'^^n hv wh^r ha^ been aire idy taujiht, 
7 /? beins: added to — the Sum is — S ^, as in the Example. 

Exam, 20. And when i^Uy is to be added to a, the Sum is 
for the fame Reafon 16 a. 

Exam. 21. And — i^y being added to — ^, the Sum is — 15;^, 
and d being added to dy for the fame Kcafon the Sum is 2dy or 
+ 2</» 

(3.) Cafe 2. When the Qiiantities are alike, but the Signs 

arc one a^rrrnt 'rje^ and the other nf^^alive.^ ful ftrac.i the lelTsr 
C >-efficient from the greater, to the Remainder join tiie Quan- 
tity, and prefix to it tl:e Hgn of the greateft Co efficient. 

It is of no Significa'jon whether the Qu-intity that has the 
greateft Co-eincieiU Handi above Oi below. 
2 

Exam, 
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Exam, r. Exam, 2« Exam, 3. Exam, 4^ 

To 16 m 21 ad J^m% 

Add 2 g — 12 — 7<7</ ^5«z 

Sum 3^ 4m i^ad gmz 

Exam. I. The Co-«i£ci«nt 2 fubftraSed from 5 leaves 3, 
•to which joining a it is 3 but the £ign of 5 the ereateft 
Co-cfficicnt is affirmative^ therefore 3 or 4^ 3 ^ Ifi tne Sunt 
required. 

v7?t7. 2. The Co -efficient I2 fubftra^ted from 16 leaves 
4, to which joining m it is 4. w, but the Sig;n of 16 xhie gr.eateft 
Co-eiFicienc is affirmative^ therefor£ 4 jtn or 4 9(i is the jSuAt 
required. 

Exam, 3. The Co-eTacijent 7 rub/lrac^^d from 21 leaves 
14, to which joining ad \tU a d, but the 5ign of 21 the 
greateft Co-efficient 'affirmative^ hence 14^7^ or -|- i^ad is the 
Sum required. 

Exam, 4. The Co-efficient 5 fubftra^^ed from 14 leaves 
9, to which joining it is 9 w z, but the Sign of 14 the 
gieateft Co-efficient is affirmativep henpe 9iR2or-|-9^z|$ tji^ 
bum required. 

Exam, ^ Exam, 6. fjir^, 7. Exam. 

To — 14 -^^y 52! 9tfZK 

Add 7 ^ 2 >' — 9z ^x^am 

£um — — 7^ -—42: ^^a«r 

Exam. 5. The Co-efficient 7 fubftrncled from 14 leaves 
to which joining it is 7 m\ but the Sign of 14. the 2;reatcft 
Co-efficient being — 9 prefix tbat.^i^p jto 7 chcn 7 a« the 
Sum required. 

Exam. 6. The Co- efficient 2 fubflra<?led from 9, there 
remains 7, to which joining it is 7 but the Sign of 9 the 
greateil Co- efficient being prefix that Sig-n t0 7;>, and we 
have — 7;', tbe Sdtoi rc(|nired. 

Exam, 7- The Co-efficient 5 fubftra6led from 9 lea\'es 
4., to which joining % it is 42, but the Sign of 9 the grcateft 
(Jo-efficient betno: nes^tive, prefix the Sign<»t<o 42, 2nd we 
iiavc —- 4?, the iSum requifed. 

C Exam,, 
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Exam* 8. The Co-efficient 9 fubftra6ted fiom 14 leaves 
5, to which joining It is but the Sign of 14 the great- 

eft Co-efficient being; negative, prefix the Sign — to 5 am^ and 
we have — 5 the bum required. 

Exam»g* Exam, 10. Exam, 11. Exam» 12. 

To "jam — 8<7.a? i — t4y m ^ ay 
Add — flOT <)ad ibym jay 

Sum tarn ad 2ym bay 

Exam, 9. The Co-efficient of — am being Unity, or i, 
which fubitra£led from 7 leaves 6, to which joining a m \t \% 
6 amy prefixing to it the Sign of 7, the greateft Co- efficient, 
we have 6am or -\- 6 a tmht Sum required. 

Exam, 10. The Co-efficient 8 fubftraftcd from 9 leaves 
1, to which joining we have r adot ad^ which having 
already the Sign of 9, the greatcft Co -efficient, hence ad \^ the 
Sum required. 

Exam. 12. The Co-effxient of — ^ vbein?Un(ty> or r, which 
fubllradted from 7 leaves 6, to which joiriing ay it is 6 a 
which having the fame Sign with 7, the greateft Co-cfiicient, 
6 ay is the Sum required. 

4. And if there are feveral Qiiantitles conne£^ed by the diiiercnt 
Signs oj + '^-'^^ — •> he added :o leveral Quantities conne<5led 
by the different Signs of -\- and — -, the Quaiititicb being aHke, 
are added as ia the iecond Article, only taking Care to prefix the 
jSigns, according to the Directions in the firft and third Articles, 

Exam. 13. Exam. 14. E.Kdm, 15. 

To i^a-\''jm — r 5 — i^az ijay-^-^am 
Add — 8g — 3W Tmy-^-iiaz — ^ay — i;am 

Sum ta-j^^m — Hmy — 2a z i^ay ^aln 

Exam, 13, Is 14 <z + 7 ;» to be added to — Z a — 3 m. Now 

by the Rule at Art. 3. the Difference between the Co efficients 14 
and 8 is 6, to vviiich joining ^2 it is 6 a, but 14 the greatefl Co- 
efficient having the affirmative Sign, hence 6 ^ is the Sum of 14 
added to — 8 tf. And the Difference between 7 and 3 the Co- 
t/Hcients of in being 4, to which ioi.')ing m it is 4/72, hue as 7 
the greateft Co-eificient has tiie ajjumative Sign, thercf ire to 
0 & cgaaewl4 w with the Sign-f-j fo is 6 ^ 4- 4 m ihcSum required, 

f,xam^. 
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£xam. 14.. Where — 15 '^*>' — a 7. is to be added to 
7 my-\- 12 a z. Now the Difference between 15 and 7 the two 
Co'ciEcients of my is 8, to which joining my it is 8 my, but as 

15 the greateft Co-efficient hath the negative Sign, therefore pre- 
fix the Sign — to% my^ and it is — %my : And tht Difference 
between 14 and 12 the two Co- efficients of ^ z being 2, to 
which joining <? z it is 2 z, but as 14 the greateft Co-efficient 
has the negative Sign, therefore to — '%my conne6^ 2a% with the 
Sign — , fois — 8 mj>-^2 2 the Sum required. 

Exam. 15. The Difference between 17 and 3 the tv/o Co- 
efficients of ay is 14, to v-hich joining ay it is 14^;', but as 17 
the g eaicft Co-efficicru has the affirmative Sign, therefore place 
down i^ay or -{- 14^7. And the Difference between 8 and 5 
the two (^o-efficlents of a m is 3, to which joining a m \x. is 

3 a but as 8 the greaieli Co-tihwicnt has the affirmative 
therefore prefix the Sign -f. to 3 /«, fo is 14 -J- 3 the 
Sum required. 

Exam, 16. Exam. 17. Exam, 18* 

To — 7 4- lO M — 15 J' + 7 7 G //: — i6jr 

Add 3 ^ — 4 w 7 r — T r /> ' — M a ?n i^y 

Sum — ^a^i%m — 5> — 4^ — ^am^- 2y 

Exam, 16. By Art. 3. the Difference between 7 and 3 the 
two Co-clHcients of <a is 4, to which joining a it is 4<7, but as 7 
the greateft Co- efficient has the negative Sign, therefore prefix the 
Sign — to 4 <7, and it is — 4 0. And the Difference between 

1 6 and 4 the two Co efficients of m is 12, to which joining m it 
is 12 fiti but 16 the greateft Co- efficient having the ^^mflr/i;^' 
Sign, prefix the Sign to 11 m, fo is — 4 <2 4- 1 2 w the Sum 
required. 

Exam. 17. By Art. 3. the Difference between 15 and 7 is 8, 
to which jciining y it is 8 v, but 1 5 the gre.itc[l Co-efficient 
havjiic^ the 7h'^ative Sign, prefix the Sign — to 8;', and it is — 8^', 
And vrx Difference becween 7 and 1 1 the two Co efficient? of p 
\i 4., to which joining' p it is 4^, but as 1 1 tlie greateft Co- 
tffiu':'i.t luTS the /ir^uiivf oign, therefore prefix the Sign to 
4 ^lid It is — 4 />> fo is — 8 ^' — 4.p the Sum required. 

Exa?n, 18. By Art. 3. the DjfFerence between 7 and 11 is 4, 
to nhxh joinifTg a m it is 4 w, but as il the greateft Co- 
efficient has the ?/av^..!'/v'.' Sign, therefore prefix the Sign — - to 

4 if Wj and it is — 4 w. And the Difference .between. 16 

C 2 and 
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and iB is 2, to which joinings it is 2>', but as i8 the ^rearteft 
Co-efiivient has the affirmative S'lgvi^ therefore pi ciix the Sign -J- . 
to 2^', lb is — 4 w + 2^ the Sum required* 

Exam, 19. Exams 20» Exam, 21, 

Axjd — -imf A- xma vd — -as <^y — mp 

_ - - - —■ - - _ ' - _ - _\, 

Sum iiiwjf + 3;/itf — 4;'«/+i2 2 — J3^> + 4w/ 

Exam. 19. The Co-elTicieat of — w is i, which being by 
Art. \^ fublira^le 1 fioiii 4. leaves ^, to which joining m a i( is 
3 'i, as in ihe Anfwer, and by the ranle Method in 

£xciffu 20. If — 5 J iiis added to ^ d 01 1 y dy rhe Sum is 
^ 4 ^/ ; and likcwiie in 

Er.am, 21. If — i^dy \% added to dy or i d y, the Sum is 

5. If the Quantities arc alike and ihc Co-efficients are equal, 
but the Signs are one affsrmat'me ^ and the other negative^ thefe 
being added together deiiro)' each other, or the Sum of them is 
a Cypher or mihing* 

Exam. I. Exam, 2, E>.am, 3, Exam» 4 

To 7^ — 5v 14 5y<x 

Add -- -^ 7 a 5 — 14 wg Sy^ 

Sum 00 00 

I . By Art. 3. the Signs being unKke the Co efficients 
are 10 be fubftraded, but 7 taken from 7 leaves o> and if to this 
we join <7 it is O <7, or no times ay that is, the Quantity a is to 
J^e taken no times or not at all, \^hich is the fame as nothing: 
So in the fourth Example, if 5 is fubflraiSied from 5, there 
remains o, or nothings to which if we join y tf, we then have no 
times ya^ ot nothings , 

(6.) Cufe 3. When the Qvjantitif^s arc unlike, that is, thti 
Letters arc ditiercnt, then let them down one alter tiie other, 
with the fame Co-efficients and Signs they have m the Example, 
and this is the Sum required. 

And they may be let in any Order, that is^ any Quantity 
jiiay be let firit, in the middle or laft, it being not materiiJ 
how they are ranged, fo as they are bu; coiuieded with their 
proper Signs. 

Exam* 
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Exam* !• Exam, 2* Exam* 3« 
To 2 a 3m a + d 
Add 3^ ^2 

jEx-^ot, I. The Quantities or Letters being unlike, I place 
down 2tf, and becaufe has the Sign -f, therefore after the 

2 put -h 3 ^a', (o is Za -\- 2^ ^""^ required. 

^A-^w, 2. Having put down the 3 m, after that put + 5 the 
Other Quantity with its Sign, fo 3 7/2 -f- 5 ^ the Sum required. 

Exih\n. 3. Having put down afier that put -}~ ^» ^^^^^ 
that 4-2/, Ho is a a the Sum required, 

1 o 2a — 7 w 2<f + 15 

Add J2-±-15 7^ 

Sum y-'/^ + jj'H-S* 2tf+i5 + z— .7^/ 

^A^tfOT* 4. Begin and place down 2 tf, after that — 7 «f, after 
that + 3;^, and after that -f- S^y fois2^i — 7/n+3;'+5* 
tHe Sum required. 

ExiJm, 5, Begin and place down 2 a, after that + 15, after 
that -t- and after that — 7 fo is a + + * 7 ^ 
Sum required. 

* — 4^4- jnn Sy — 2h 

Sum ^7'«+i5> — 4tf^-OT« — i$m'\-'ja-^iiy'^2i 

To 16 ^-y/w — 14W— i5jr 

Ad d — 2 — 8 ^ tf — 7 

SuiTi 46 -j-ym — 2a — — i^m-^ i^y-ji-a — 7 

Examples wherein all the foregoing Cafes are promifcuoufly ufed. 

Exam. I. Exam. 2. 

To J a — i$d -\- m — 0 a y m — 21 x 

Add za-^lHd Tfr/ — I2;72+ 5V 



Sum i2«4-3</-i-« 3*'' — — 5ti*-f-5y 

1.75 added to 5 i7 makes 12 a, by Art, i . and —15^ 
added to tSd makes 3</, by Art. 3. and there being no Quan- 
tity like m, that muft be plac;;d by itfelf, by Art. 6. and connect- 
ing 
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ing thefe Quantities with their proper Signs we have 12 a 
the Sum required. 
Exam. 2. — 8 A added to 1 1 ^2 makes 3 by Art. 3. and 
7 m added to — J2m is — 5 niy by the Umc, bm 7. i x and 5 y 
being different, place them down one after another a;^ at Art. 6. 
fo is 3 — 5 7«— , 21 4- the Sum required. 

Exam. 4. 

II am — yyd+mn 

5 am — lyd — 7 a 

6 am — (^yd-^mn — 'ja 

Exam. 3. — 15 ^7 added to 7 <2 is — S ^, by Art. 3. and 

l^m added to — 14 m is nothing or o, by Art, 5. therefore 

take nu Notice of thofe Oiiannties in the Sum, and 16 and 

y being different (^antities fct them-doWJl by Art. 6. fo is 
• — 8 ^ — 16 -|- y (he Sum requiied. 

Exam. 4. ] 1 m added to — $ a m\s 6 a by Art. t^. and 
yd adccd to — 2 v ^ is — 9 y by Art. i. Bur m n and 
' — '] a beiiig diftcreiit Quar.tirics iet them down by Art, 6« and 
6a?n — (^yd-^ mil — a i6 the Sum required. 

Exam, 5, Exam. 6, 

To ^a^i^y-^i^ap ■ — 7w-j.i5 + 4tf 

Add — ^^p + 2^— — 4 — 1 1 ^ 8 w 

Sum ,13^/4- 7^ — i9y »/+ 4 

.£;p<7W. 5. — lap added to i$ap is 13 by Art. 3. and 

3a added to 4<j is 7<?, by Art, i. and — 2y added to — 17 y i=i 
igyy by Art. 1. hence 1 3 47 /> -|- 7 ^ — igy is the Sum required. 

Exam, 6, — j m added to 8 My the Sum is ot, by Ai t.'3; 
25 added to — i r, the Sum is 4, by Art, 3. and 4 a added to 
1 — 46, the Sum IS o, or nothtngy by Art, 5. hence m-j-4 is 
the Sum required. 

In iheie two rvampb^s the fiime Quantities are not fet under 
one another, to ihtw the Learner that however the y nre p'r.ccd, 
if the Quantities are alike, they are to be added as it they ftood 
one under the other. 

The more perfe(S^lv' Addition is underftood, the eafier it w;ll 
render the Work, of SubHraClion. 



Exam. 3. 

To — j^a~\-i^m — 16 
Add y a — I4i»-|-y 

£um — iS — ib+jf 
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SUBSTRACTION, 

7. T - performed by one general Rule ; change a!! the S'gns of 
ihofe Q^iantitics v^hich are to be lubftra^ted, or hippofe: 
tlicm in the IViind to be changed, then acid thefe C)Liatiticics to 
the orhers, according to the leveral Rules of Addition, which 
will be the Difference or Remainder required. 

I would advife the Learner to cake out the Exannples, and 
put down thofe Quantities which are to be fubOradted with 
contrary Signs, to thofe they have in the Exampfes ; that is, 
making thofe affirmative which arc negative^ and thofe ntgatvoe 
which ^>re oj^nnative, and then proceed as directed in the 
general Rule. 

Exam, r. Exam. 2. Exam. 3. Exam* 4# 

From 5<2 7/72 — 5_y- ■ — 8:2 

Subtract 3^2 2« — ly '—42: 



Remains %a 5^ —42 

Exam. I. Here 3 a the Qi'aniicy to be fubftracf^ed has the Sign 
-f-, which being made or luppoled to be made — , then by the 
general Rule, 5 is to be add(*d to — • 3 the Sum of which is 
2 by Art. 3. and this is the Remainder required. 

E::fim, 2. In the fame Manner 2 m being fuppofed to have 
the Sign — prefixed to it, then by the general Rule, 7 m is 
to be added to — 2 the Sum of which is 5 by Art. 3. and 
this is the Remainder required, 

Exnm. 3 And if we fuppofe — 2y to be ^.y, or -f" 2y, then 
by the general Rule, — 5^ added to -f- the Sum is-— 3y, 
by Ait. 3. and this is the Remainder required. 

Extern. 4. If %vc fuppoie — 4 2; to be 4 z, or -j- 4 z, then 
hv the general Rule, if — 8 2 is added to 4 2, the *)um is —4 a, 
by Alt. 3. atid tlii;5 IS the Remainder required. 

Exam» 5. Exam. 6, Exam. 7. Exam. 

From 14. mn — y y d ^i^yx ^^y 

Subftra^l — 2m n -f- 5 y // ^^yx — ^ay 

Remains ibmn — iiyd — Syx 7 

Exam. 5. The Sign of 2 mn being — , if we fuppofe it -f-, 
then by the general RuJe, I4»z»adde<^ ro 2ot/;, (he Sura is 
%tmny by Arty i. the {Remainder required, 

2 Bxm. 
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Exam, 6. If we fuppofe ^yd to be — S y '^y then by the 
general Rule^ mj^yy d added to — sy^y Sum is^ nyd^ 
by Art. i. the Remainder required. 

Exam. 7, By fuppofmg be — Xy then by the 

general Rule, — 5 y ;if add$d to — 3 y Jf> the Sum is — 8 y a-, 
by Art. I. the Remainder required. 

Exam* 8. And if we fuppofe — 3 ^y to be 2 ^ Jy ^^^^ 
by the gener-al Rule, 4. ay added to 3 ay, the Sum is 7 <?y, by 
Art !• the Remainder required. 

From '^y ad 5}^ 

Remains tam 4.0 y >~^6ad 4yd 

The Truth of Subftrafllon may be proved as in common 
Arithmetic, by adding the Remainder to the Quantity which is 
fubilra^ed, and if their Sum is the fame as that from which the 
Quantity was fubftraiSled, the Work is UJiie, mherwife it is 
erroneous. 

Thus in the four laft Examples ^am added Xo-^am^ the 
Bum is ^am» 

And 4a y added to — 5 y, the Sum is — ay* 
And ^Sad added to ad^ the Sum is — y ad* 
And 4yd added to y dy the Sum is 5y^. And tn the fame 
Manner may the o<ther Examples be proved. 

8* If two or more Quantities connecf^cd by the Signs + 
^ — f are to be fubftra£ted from other Jilce Quantities conne^ed 
by the Signs + or — , it is done in the fame Manner, only 
taking due Care to conne<Sl the remaining Quantities with their 
proper. Signs, as was done in the Addition of compound Qa4iiitie$« 

Exam, 9. Exam, lO, Exam. ii. 

From 12^ + 7^ 7«^ + 5y — 5^/ — 

Take 3^4-2^ hma-^ 4y 3 zy 4^ 4 am 

Remains 9^2 + 5^ ma-^y — Hzy — batti 

Exam. q. By fuppofin^i 3 a to be — 3 a, then — 3 added to 
12 a the S'Jin is 9 a, by Art. 3. and again, fuppoling 2 5 to 

\)C 2 then — 2 b added to 7 b the Sum is =; b by the fame, 

and conncfling thefc Quamitics we have 9 + 5 ^, ihe Re- 
mainder required. 

Exam. 10. 6ma being fuppofed ncg-ative, or to be — 
b m ap thejci — t^ma Added .to ma the ^um is .m a, aiul 4 y 
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being fuppofed to be — 4 j, then — 4_y added to 5;^ the Sum Is/, 
hence iw<? is rhe Remainder required. 

Exam* II. ^1 zy being fuppofed to be — 3 z>', and adding 
this to — 5 %y the Sum is — S zy, by Art. i. and 4 beinjr 
fuppofed to be — 4 ^ by adding that to — 2 am the ^um 
by Art. I. is — 6 a my hence— -8 zj; — (><im is the Remainder 
required. 

Exam, 12. E,\am, 13. Exam. 14. 

From 14/7.— .5^ — ymn-^-iyd %a + m 
Take 3^ — 5^ — 3 + 3 ^ 5 <? — y 
Remains 17 ^^mn — yd ■ — 3<2+»' + 7 

Exam. 1:1. The — heino; fuppofed by the general Rule to 
be 3^, and adding that to 14 « the Sum is 17 ^2, by Art. I. and 
the — 5 J beino; fuppofed to be 5jv, ii^ we add 57 to — 5_y, 
the Sum is a Cypher, or nothings by Art. 5. hence 1 7 a is the 
Remainder requited. 

Exam, 13. The — 37?? w being fuppofed to be 3 m «, then by 
adding 3 w « to — mn the Sum is — 4 /// by Art. 3, and 
3y ^/ being fuppolcd to be — 3^ and adding — d to 2y d 
the Sum is — y by Art. 3. hence — 4 /» » — yd is the Re- 
iiuiiicler required* 

Exa7n, 14. The 5 <i being fuppofed to be — 5 ay if that is 
added to 2tf the Sum is — 3^, by Art. 3. but the m and 7 
being different Quantities, fee them down by Art. 6. only take 
particular Care to change the Sign of 7, according to the general 
Rule for Subftraaion, then vviJ! — 3 a -f m + 7 be the Re- 
mainder required. 

Exam. 15. Exam, 16. Exam* 17. 

¥rom ^ am^y 1$ yd +20 14^4-7 — ^ 

Subflraa + am-yy — ^yd^ib ^d+7^Sa 

Remains -^2 am i\i y d -f- ^6 isd-jrj ^ 

The Truth of thcfe Operatlo-s is proved in the lame Man- 
ner as in Sublkadion of lirnple Qiiantities, by adding the 
Remain^^cr to the Qiiantity which is I'ubflracted, and oblerving 
if that .^um is the iaiiie, and has the fame Signs, with thoie 
Quantities from which the Subftraction was made. [ hus 

Exam. 15. 1 a m added to a rju the Sum is — o by 
Art. 1^. to whicli conneCLl)>£^ >• wi'Ji the Sign we that 
by adding — 1 a 7n to am -|- v, the Sum h — am the 
Qiiaiiiity from wluch the SublirM<5lioii was mude. 

O Exam, 
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Exam. i6. If iS y d is added to — d the Sum is yJ^ 
by Art. 3. and 36 added to — 16 the Sum is 20 by the iarne, 
hence the Sumof 1 3;'</ + 3^ added to— 3y — 16 is i^yd +20, 
the Qi^iantity from which the Subftra^lion was made. 

Exam, 17. By adding to^d the Sum is j^dy by 
Art. 3. and by adding 7 to — 8 <7 the Sum is — Oy by the 
fame, to which putting down the 7, there being no Quantity 
to be added to that, hence 15 + y a added to — </-{-7 — S a 
the Sum is 14^-1-7 — <?, the Quantity from which the Sub- 
fira£)ion was made. 

But if the C^imnT'tif; to be fabftraf^led are unlike thofe from 
which the Sublhadion is to be made, let down thefe with rhf 
fame Si2;ns and Co- efficients they have in the Example, alter 
which place the Qi^mntities to be fubiira^led with their Co- 
efficients, but change iheir Signs, 

Exam. 18. Exam* 19, Exam, 20, 

From 2 a —37 5 »i 

Take d 2 a — iy 



Jlemains 2a — d — 3^ — 2^2 -j^ 2y 

Exam, iS. Having put down 2<?, after which put^^, the 
Quantity to be fubftraded being + and 2 a — d is the Re- 
mainder required. 

Exam, 19. Having put down — 3 y, to that conned 2 a with 
the Sign— fo is — 3jf — 2<i the Remainder required. The 
20th Example is done in the fame Manner. 

And if compound Quantities are to be fubftra£^ed from com- 
pound Quantities, but unlike, fet down all the Q^jantities one 
after the other, but change the Signs ot thofe Quantities which 
are to be fubilra<^ed, as in thefe Examples. 

From 2^-{-$m — 4<^+2^ 

Take 3> — ? d — 5^ 4- -^y 



Remains 2<a-f 5^ — 3jf + 2^^ — + i -f 2i>-l- 5 — 3jf 

Having wrote down 2^+5 w, to that conne£l 3 with the 
£io;n — , it being -j- in the Example, to which conne£k 2d 
wi^h the Sign -\-, it being — in the Example. 

In the other Example, having wrote down — 4 -f- 2 ^, to 
this conned 5 a with the Sign -f , it being — in the Example^ 
to which connc<5^ 3y with the Sign — > it being + in th» 
•Example, 

^ M U L T I- 
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MULTIPLICATION, 

In which there are three Cafes. 

(9.) Cafe I'WT^ K N the Signs of the Quantities to be 
VV multiplied, are both affirmative, or botii 
negative^ fet or join the Letter? together, and to them prefix 
the Sign +, which will be the Produd required. 

Exam, I. Exam, 2. Exam, 3. Exam. 4. 
Multiply a y —a 

Produa da my <?z dax 

Exanu I. Having joined the Letters d a, and each of them 
having the affirmnuve Sign, thereioiu, by the Rule, d or 
/^tf, is the Frodu£l required. 

Exam. 2. Having Joined ;lic Letters m and y, and each of 
them having the affirmative Sign, therefore, by the Rule, iwy, 
Of -j_ myy is the Produd required. 

Exam. 3. Having joined the Quantities % and tf, and each of 
them having the fame Sign, therefore, by the Rule, a z, or 
►J- a z, is the Product inquired. 

Exam. 4. Having joined the Qu antities ^ /J and and both 
havin<r the fame Si^n, tlierefore daxy ot d a Xy is the Pro- 
duCrk required. 

Exam, 5. Exam. 6, 7. Exam. 8. 

Multiply — ^y, 

By ^ — ^/^ 

Produa tf^ ^w'^ aman 

Ex^:m. 5. Having joined and both the Quantities being 
affirmative, therefore a a Is the ProduA required. 

6. Having joined the Quantities a m and d, and both 
having the Sijrn hence a m is the Produa required. 

£.;7.. 7. Havmg joined the Quantities y and//), and be- 
e boih have the fame Sign, therefore /► y is the Product 



8. Having joined the' Qiiantities am zn^ an, and 
both haying the fame Sign, therefore amani%\X\^ Produft 

JO. If 
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10. If the Multiplicand confifts of two or more Quantises 
conncdcd by the Signs + or — , then the Multiplier muft be 
multiplied into each of th6fe Quantities, prefixing to each par- 
ticular Multiplication its proper Sign, which will give the Pro- 
dudl. Thus, 

Exam, 9. Exam, 10. Exam, ii. 
Multiply a-\-d z^y ,^mx^n 
By m 

Produifl maA-md dz dy p mx-f-p n 

Exam, 9. If we multiply a by m, the Produ£l is m by 
Art. 9. and muUiplying d by the Product is md^ by 
Art. 9. but as m an.J d have both the affirmative Sign, iherefr.rc 
prefix the Sign -f before w^, and ?na '\- mdi% the Produ<5t 
required. 

Exi^r^. TO. Multiplying 2; by d^ the Produft is dz^ and 
nvjlrt; lyii - r Hv th- Pioduit is dy^ by Art. 9. but as dznd 
y have bom bign-f, p-eRyingthat Sign before we have 
dz-^ dy^ the T roc! ij<5t reo a 1 r e J , 

Exam. T I. Multiply — x by — the Produd^ is p m .v, 
by Ar r. q. and for the fame R-afon — « multiplied by — - />, the 
Prcd;!ci is p then connc : hr ::; p ?n •< and p n with the Sign 
we h.-.ve pmx-^p «, the Product required. 

Exam. 12. Exam, 1 3. Exam. 14. 

Iviukipiy — w — — a-^zy adA-^z 
By 



Froduil dm^\- dy a ,\ ^xzy ady -{-y z 

Exam. 12. Multiplying — m by — the Produ£l is w //, by 
what was faid at Example u, and multiplying — d by — v, 
the Produ(a is for the fame Reafcn dy, and conne<5ling Um and 
dy with the Sign -f., we have ^/m -^dy^ the Product re<5uired. 

Exa?n, 13. Multiplying — a by — Xy we have ax for the 
Product, as in the lall Example, and from multiplying — zy 
hy — Xy we have for the. fame Reafon x zy for this Produ<a, 
then conncff^-ing ax and xzy with the Sign -[-, we have 
ax-\' xzyy the Product required. 

Exam> J 4. Multiplying ad by y^ the Product is ady^ and 
multiplying by ^, the Product is z ; but as the Signs of y 
and z are both alike, therefore prefixing the Sign + toyz, we 
have ady +yzy the Produft required. 

II. It 
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II, It may be proper to caution the Learner, that in 
Multiplication it is quite indifferent which Letter he places fir(f, 
or laft, for to multiply a m by the Produil Is a rv. or 
m cl ordmay oxad?n, or any oF the different Pofitions 
in which three Letters can be placed ; this will be more 
comp]catly and fully undcrflood v/hen we come to apply the 
k^cience to the Solution of Problems: Bur, that the Learner may 
form fome Idea of the Truth of this, luppoie we were to multi- 
ply 3, 5, and 7 together, the ProdutSt wiil be the fame in what- 
ever Order theie three Numbers are multipiied* Thus, 



3 7 3 

5 . , S_ 7 

15 35 2^ 

7 3_ 5_ 

J 05 105 105 



This Obfervation I advife the Learner to fix in his Mind, to 
prevent concluding he has done any of the folio wing^ Examples 
erroneouOy, by happening to place the Letters different t>om 
what they are in tlu Rook. 

12. But if the Multiplier and Mukipltcand confifls of two or 
more Quantities^ then begin and multiply the Multiplicand by 
any one Quantity in the Multiplier, according to the Directions 
in Art, 9. and 10. after th:it multiply the Muhiplicand by 
another Qnantity in the Multiplier, and pnt this Product under 
the other, and continue doing this till the Multiplicand has been 
multiplied by every Quantity in the Multiplier; then under ihefc 
Products draw a Line, and add them together by the fevcral 
Cafes of Addition, and this will be the Produd required. 

Exam. I. 

Multiply a-^-lf 
By m-hn 

m a-f m o the Produ£t of ^ -j- ^ multiplied by //j, by 
Art. 10. 

na'\' nh the Product of ^ -|-^> multiplied by ;j, by 
the fame. 

ma^^mif n a -^ab the Sum by Art. 6. the Pio- 

dud required. 



Multiply 



* 
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Multiply m-\-y 
By a4-d 

a m -^ay the Produft of w -j-^ multiplied by by 
Art. 10. 

md -{-y diht Produd o{ m -{-y multiplied by by 
the fame. 



am-T- ay-^ md-^-y d the Sum by Art. 6. the Pro- 
duct required. 



Multiply — a — d 
By 



mu md the Product of — a — d multiplied by 

— »i, by Art. lo. 
cZ'^dzthe Product of — a multiplied by — 
' The fame. 



ma rud-\-az-^dz the Sum by Art. 6. the Produ£l 

required. 

Multiply a 
By -f - ^ 

aa-^ai? the Produ£l of + ^ multiplied by by 
Art. 10. 

<7 ^ 4- the ProduiSt of <7 + ^ multiplied by ^, by the 
fame. 

aa+ lab -{-hh the Produ£fc of <J + ^ multiplied by 
a + b, 

Now in the Addition of the laft Example I ob(ervc there 
is * in each of the two Lines, and there being no Co-eificient 

juefixr, I'nity or I being then always underflood to be the Co- 
efficiei^t, hence I padded to i abb lab; the orher Qiianttties 
a a and 6 b are fet dnum as in the former Examples, therelore 

^ 2 aO h i> ti.e Produ<5l required. 

And in furh Additi ons as theie I recommend it to the 
Learner, before he be^nns to ndd, to examine the feveral ^^lan- 
titie-f, and fee if the Letters in any two ol ifu:ni are alike, and if 
they are to colled them into one Sum, according to Art. i and 
3 ; rcmcmberino;, that thou'zh the Lrtters which compcfe the 
two Quantities are not in ihe fame Order in each; yet if they 
are buT tiit" tame Letters and no more in one than there is in 
the other Quantity, ihcy are the fame, and may be added by 
Art. L Mid 3. 

The 
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The four following Examples are for the Exerdfe of the 
Learner, 



Multiply 
By 



-f- mB 

a y -\- b y 



aa + ay 

a y y y 



Multiply y + « 
By y ^ m 

y y J 



a a -\- a d 
a a -\' d d 



aa^iad-^^dd 



Product y y-^Zym-^ mm 

13. Cafe 1. If there are Co-efHcicnts or preflxt Numbers, 
then multiply the Numbers as in common Arithmetic, and to 
their Pioduds join the Piucluds of ihe Q^ianuiies found by the 
kft Ca/g^ Art. 



Exam, I. Exii.'ii, 2. 



Multiply 2 a 
By zm 



Sm 

3y 



Exam. 3. Exam, 4. 

— jad — 2y 

— — a 



Produ6i bam 



J5wy 



21 adm 



2 ay 



Exam, I. The Produ<St of the Co efficients 2 and 3 is 6 : the 
Protlu^^ of.'? multiplifd by m is ^77?;, the Sitrri'^ being alike, joining 
the^e together it is 6 a the Produci required. 

Exam, 2. The Prociuci: of 5 by 3 is 15 : the Product of m^ 
by y is ;wy, for the Signs are ahke, and joining the fe together it 
is 1$ myy the Product required. 

Exam. 3. 1 he Produd of 7 by 3 i*; 21 : the Produ(ft o( a d 
by ??i is adm^ the Signs being alike, and joining the 21 and 
ad fn it is 21 a d 71U the Product required. 

Exam, 4. The Prciducl of 2, and i the Co-elncient of is 
"2, to which joining; a the Product of a and v, it is 2 r, the 
Product required, for the Signs of 2y and a are alike, being 
both negative. 



Multiply am 
By %d 



6d% 
2 a 



zyp 
zr 



Pxodudl x^amd 12 dza 



9yyp 



iddz 
14. And 
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14. And if there are two or.morc Qiiandties with Co-efH- 
cients conneded by the Signs -{- or — , to be multiplie d by any 
Quamiiy and its Co-efficient, they are multiplied as in the laft 
Article, only conneftlng the fevcral purticuk'.v Products together 
with their proper Signs, was done at Art. 10. 

Exam. T. Exa7n. 2* Exam. 3, 

Multiply 2a + 3k 3)^ + 5^ — 2;r^2a 
By 3/;? 5^ — 3^ 



Produa tam-\-<)btn xsym-^-zs^'^ tyz-f-^za 

Exam. I. Multiplying 2 <i by 3 the Produa is 6 wi, by 
Art. 13. and then multiplying 3 by 3 ^ the Produa hghm^ 
by Art. 13. to which prefixing the affirmative Sign, as the 
Si^ns of 3 ^ and 3 m arc alike, and 6 7/1 + 9 ^ the Produ<a 
required. 

Exam, 2. Multiplying 3 V by 5 m the Produa is 157 m, by 
Article 13. then n^iiiplying 5 t/i by 5 ^ the Produ^ is 
2$ dm, to which prefixing the affirmative Sign, as tl;e Sl^n<= of 
5^ and are alike, and 15 m + 25 <^ is the Produa 

required. ^ 

Exfim. 3. Multiplying — 2 v by — 3 z the v rodaa iS 6 y 
by Art. 9 and 13. Again, multiplying — 2 a by — 3% the 
Produa is 6 %, ior the Signs of 2 and 32 are alike, and con- 
neat 6yz 2n6 6za with the Sign -f , we have 6yz+6zay 
the Product required. 

Exam. 4. Exam, 5. Exam. 6. 

Multiply 3m + 2;^ — 2^/— 3^ — 3>'— 7''')' 
By 6a Zlii^ T^^ 



Produa i6ma+i2ya ^da-^ixma bya,\^i^amy 

Exam. ±. Ivlaltiplying 3 mhy6a the Produa is 18 w tf, and 
mnluplyma 9y by 6^ the Prodya is 12 y a, and placmg the 
S,.n + befoic 12 y a, becaufe the Signs of 6tf and 2>r are 
alike, we have 18 m .7 + I 2;^ ^, the Produa required^ 

£.v^/^^. 5. Multiplying — 2 by — 4^ P[od«<a is 8 ^/tf, 
for theS.2;ns of 2 ^ and 4 a are alike, bcmg both negative, 
therefore 8i^7 or + 8 is the Produa of thefe Qiiantities. 
Now multiplving — 4^7 ^^e Produa is 12 ma, to 

which prefixing the afHrmative Sign, as 3 m and 4 « have the 
fame Sign, both being ne-ative, and wc have 8i/<? + \2 m a^ 
the Produa required. £xam 
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Exam, 6, The Produ<£l of — 3>' by — 2 is 6 ^7, or 6 a, 
and the Product of — *] myhy ^^a'x$ 14 dr my^ or + 14^0 my^ 
hence, for the Reafon in the ilad Example, bya-^- ^^amy ie 
the ProduiSl required* 

Multiply — — 2 J — 2z — 2y — 4^-— 
Bf — 4^ — 4.a — 2^ 

Produ£i; izma-f-ada 6za-{'i2ay ^bd'^iomb 

15. And if there are two or more QuaiUities with Co- 
efiicicnts conne6^ed by the Sign^ -f- or — , to be multiplied hy 
two or more Q^iantitie?? -with Co-ffficicnts conncdied in the 
fame Manner, the Qiiantiries arc to be multiplied a<^ at Art. I2. 
taking due Care to muh\^]y the Corfftcieais, iti nas bccii taught 
Art. 14. Thus, 

Multiply 2^2+ 3 <^ 
% 3^4-5^ 

baa-^-f^ab the Produfl of 2 a ^ ^ multiplied by 

3<7, by Art. 14. 
JO m a I ^bm the Prodik^ of 2£?-)" 3 ^ njultiplied by 
5 ffi, by the ^ame. 

t/ja-}-c)ab-\-i07na'^ i^b ?n the Product re- 
quired, being the Sum of the ;wo particular Produ6iS) which are 
added together by Art. 6. 

Multiply 3 4- '5^ 
By 2 -4- ;^ « 

b a m iO ay the Pfodu^fl of 3;;? -J- 5^ .multiplied 

by 2 by Art. 14. 
9 15 the PfoducS^ of 3»'i 5y mukiplicd 

by ? bv Art. 14. 

6 a >n iO(Ty ~\- g^fin -j- I S)'^^ ^^^^ Procucl required, 
bcinci; tlic Sum of tiic two Piodu«^$, whkh siC, added together 
.by Art. 6. 

^Multiply 2^ + 3 ^ 
By 2^4-2^ 

4 ^ 4- 6 ^i* the Produtf^ of 2 4- 33 multiplied b^- 

2 J, by Art. i4. 

4 <j ^ -f. 6 ^ 'A the Produ<Sl of 2 -|- 3 ^ multlpli.d by 

2/^, by the fame. 

.4 ^< «^ -f AOtf b b h (he Piodu'il lequlred, In this 

£ Aduitiun 
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Addition the Reader is toobferve that in one Line there is (>ahy 
and in the other Line there is 4^*, which two Quantities 
added together the Sum is 10 ^, by Art. 1. but the 4^ ^ and 
6bh being difFerent Quantities, they are fet down by Art. 6. 
hence the Produa of 2 + 3 ^ multipiicd by 2 12 + 2 ^> is 

Multiply 3 ^? -f 7 ^ 3^ + 2^ 
By 2 ^ 4- 5 « a-^- ^ 



Produa baa^i^ba+lsan^2S^" 2^a^\~ i^ba + S bb 

16, 3. When the Signs of the two Quantities to be 
multiplied are one ailirmative and the other negative, then 
muhiply the Quantities as before direaed, but to their Produa 
prefix—, or the negative Sign. 

Exam, I. Exam, 2. Exam, 3. Exam. 4. 

Multiply—^ — — ^« "^^^ 

By a d y 



ProiJua —ba ^ad — amy ^dm% 

''Exam. I. The Piodua of ^ by ^ is ba, for Multiplication is 
only ioiiilng the I>2tters, but as the Sig.i oF U is—, and that 
of a "is therefore to i?a prefix the Si^a— , lo is — ba the 
Pfodiia required. 

Exr.m. 2> The Produd of a hy d is a bat as the Signs of 
a and i are ditFerent, therefore prefix the Sigti — to ady and 
^ad is the Produa required. 

Exam. 3. The Product of 0 m by vis^wT, bnt^^sthe bigps 
di am and r are difFerent, therefore prefix the Sign — am y^ 
fo is — amy the Produa required. 

4. The Produa of J/?; by % is ^ w z, but as the 
Sit^ns of dm and -z are different, therefore prefix the C)ign — 
Xo'd m z, fo is — ^/-vj 2: the Prcdu£l required, ^ 

This Operation beinp; tlie lame as at Art. 9. taking Care 
to make the Si-n of theProdaa— , I fiiall only fubjuiu the 
^IJowing ExaijQples for the iixefi:i£e of the Learner. 



MtAltii>'iy 
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Multiply xm ^ym —ax ma 

By — y d dy — ^ 

Produ£i '■^xmy —ymd -^axdy -^map 

17. And if twof of more Qiiantuies with Co-efficients are to 
fee multiplied into afty one Quantity with a different Sign, they 
are multiplied as at Art. 14. taking Care of the Signs arifing in 
the Produ£^, according to Art. 9< and i6« 

Exam, I* Exam* 2. Exam* 3. 

Multiply — — 2J5 2y^\-^d - — — 2y 
By 3m ^ ^3/7 3^/ 

Product ^<^am — bz?n —day — i^ad '^i^md — (ydy 

Exam, J. Multiplying 35 by 3 ;7Z, the Product by Art. 13,- 
is 9«m, but as 3 m has the Sign-f- prefixed to it, and 3^7 has 
the Sign — prt^fixed to it, therefore to the Product () a m prefix 
the Sign — , by Art. 16. Again, 22, multiplied by 3;/; the 
Produ(Sl is 6 tz but as 2 s has the Sign — to it, and 3 fn the 
Sign -f-» therefore to 6 z w prefix the Sign — , by Art. 16. and 
— gam> — '6 is thci Product required. 

Exam. 2, Multiplying 2^ by 3^, the Product is 6 ay, hut 
as the Sign W iy is +, and that of 3 ^7 is — , therefore to 6 ay 
prefix the Sign—, by Art. 16. Then multiplying 5^ by 3^ 
the Product is i^ad, but as the Sign of 5 <^ is -)-, and that of 
3(7 is — , therefore prefix the Sign ■ — • to i^ad by Art. i6, 
and — 6 ay — 15 a d is the Producl: required. 

Kxair.. 3. Multiplying 57/; by 3.'^, the Prod u(5l is l^mdy 
but 'd-i the Sign or is — , and that of 3^7 is -f-, therefore 
prefix the Srgn — *to^^md. Again, multiplying 2y by3f/, 
the Product is (:>ydy but becaufc the Sis^ns of 2yand 3^/ are 
difRTcnt, theiefc/ie prefix the Sign — to6tij, and — 15 md— 

6 J y IS the Pioduei required. 

Examples lor tne Kxercife of the Learner. 

Mtiltiply — 2^7—3^ Z^-^-jy —5^—3^ 
By 42 "^2// 3w 

f^ioducl — — liifz — 6md — i^^^y — ^S}^^' — 9^/^ 

18* And if two or more Quantities with Co-efficients are to 
be multiplied by two of more Quantities with Co efficients, if 
ih'^ir Signs are unlike, yet they are multiplied as at Art. 15. 
taking due Care of the Signs of the Produd^, by Art. 9. and 16, 

E a ' Multiply 



2S 
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Multiply 3 ^ — 2 m 
By ^h-^6y 

< — izao — b^ffztheProdu^^of — 3^3 — 2 multiplied 

by 4 b, by Art. 17. 

— i^ay — I2ym the Prod ud of — 3 a — 2/« muUi- 

plic d by 6y, by Art. 17. 

— 12^?^ — "^bni — i)^ay — i%ym the Produ£l re- 
<)ulred^ being the Sum of the two particular Produds^ which ajrq 
added by Art. 6. 

Multiply 5y + 3»' 

By — 7 d — 2 a 

— 35 ^ — 2idmi\it PlDdudl of 5y 4- 3 inuTtiplie<|l 

by — 7^, by Art. 17. 

— 15 — qam the Produii of 5y + 3 w multiplied- 

^ by — 3 <7, by Art. 17, 

' — 3^5 J' ^ — 2 J ^ 7/z — 1 5 V — 9 m tiie Prod u£l re- 
cj.iiired, being the Sum of the two particular ProdudSy which acei 
added by Art. 6. 

Multiply 2^-j"3^ 
By — 2tf — '^b 

'■^ ^aa — i^ab the Produ£^ of la-^r^b multiplied* 

by — 2^, by Art. ij. 

— 6ab — gbb the Produ^ of 2^ + 3^ multiplied 
hv 3^, by Art. 17. 

— ^aa — 12 a b — gbb the Froduft required: For 
in this Addition the Reader may obferve that there is — 6 ab 
in each of the two part'cilar Products, which being added toge- 
ther by Art. i. make — 12 a b^ but — 4<ji7and — 9 being 
difFerent Qua-ntities, they muft be placed feparate from onip 
another. There are Examples of this Kind at Art. 15* 

19. It may be for the Learner's Advantage to be put in Mind, 
that if any Afgcbraic (^amities are to be multiplied by a pur« 
Nuinl er, that then tliis Number Is to be multiplied into every 
ociQ of the Co-cincients of the other Qliantiues» in all Pvciiv.xls 
as before, and to each particular Product fet or join tiui '^laa- 
ticy whofe Cg-c^cient was muluplicd. Tims, 
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Exam. I. 

Multipl/ 2 ^? -f 3 ^ 

Kv 6 

J 

Product i2<? + ifi^ 

JB^ftfOT. I. Multiplying 6 by 2 the Produ<5fc is I2, to which 
joining a\t\& iia^ then multiplying 3 by 6 rt is i8, to which 
joining^ it is 18 b, and becaure 6 and 3^ have both the Sign -f-, 
therefore by Art. 9. prefix the Sign to 18 ^, fo is 1 2 <z 18 ^ 
the Produdl required. 

Ex^m. 2. Multiplying 3 by 7 it h 21, to which jolmng m It 
U 21 OT, but as the Sign ot 3 m is — , and that of 7 is there** 
fore by Art. r6. prciix the Sign — to 21 m, and Ft is — 21 «r. 
Agarn, multiplyi-ng 4 by 7 it is 28, to which joining ^ it ii) 
28 but as the Signs of" 4 d and 7 are iikewilc unliice, there- 
fore to 28 i prefix the Sign — , and 21 w — 28 is the 
Product required. 

Fx;2rn. 3. Multiplying 4 by 9 the Produ(5^ is 36, to which 
jolnnigi/ it is 36 and becaule the Signs of and 9 are alike, 
rhcrelore it will be 36^, or + 36 ; and multiplying 9 by 
3 J the Product will be 27 y, to which muft be prefixt the Sign 
becaufe 3 y and 9 huve the fame Sign, fo is 36 ^ -j- 27 / 
the Pfodu6l required. 

Examples wherein all the three Ci^fes of Multiplication arc 
promiicuouily uied* 

Multiply 2 a — 3^ 
By 5m-f-2y 

10 m a — 15 ,'/z b 
4 <j y — 6 y ^ 

Frodu6t lOfna — i^mb^^^ay — t>yk 

Tl-ie 2<7 being multiplied by 5^ the Produ<^ is 10 «f<f, by 
Alt. 13. and — 3^ being multiplied by the fame 5 the 
Product is — i^.nb^ by Art. 16. and 17, 

And 2/7 being multiplied by 2y the Produ£t ts ^ayy by 
Art. J 3. and — 3 ^ multiplied by 27 the Produdl is — 6 y ^, 
by Art, J 6, and 17. 

Now draw the Line and begin to add them, and becauie the 
Quantities are all different^ they are added by Art. 6. and there- 
finf^the Frodu<a will be lo ma i$ mb -{^ /^a.y — 6yb. 

* J. MtikipJy 



Exam. 2* Exam. 3, 

— 3;w--«4J 4^ + 3/ 

—L , ■ ^ , ■ 

'^lim — 28tf 36</+27jf 
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Multiply m + 2a 

• — 21 fn y 6 ay 

iS m n — S n a 

Pjodu£i — 21 my bay 2)imn^S na 

The — y m multiplied by 3 y the Product is 21 my, by 
Art. 16 and 17. and 2a multiplied by jy the Frodu<i,t h6ayf 

by Art. t?. 

And — 7 A'z multiplied into — 4 « the Produ£^ is 28 m w, by 
Art. 3 3. and — 47? multiplied by 2 the ProdmJi is » 8 » ^5 
by Art. 16 and 17. 

Now begin the Addition, and becauie the Quantities nr^ 
all dii leren:, they are added by Art. 6. and the Produ<^ h 
— 21 my 6 ay-{- iS mn — 'b n ij. 

Multiply ia -\- ^/j 
By 2 a — 3 ^ 

^. a a -j- 6 a If 

Product 4 <7 « — 9 ^ 

Multiplying 2 a by 2 a the Produ6i is ^aa^ and multiplymg 
3^ by 2a the Produ^ is 6^^. 

And multiplying 2 « by — 3 ^ the Produd is — 6 ^7 3^ 
becauie the Signs of the two Quantities are unlike, and for thef 
fame Reafon the Product of 3 ^ by — 3 3 is — 9 ^ ^. 

Nowbe^in the Addition, and I obferve in the firft Line there 
•is () a l> or 6 a />, but in the f^cond Line there is — 60 b, 
now bccaufe the Co-efficients arc equii!, the Quantities j;hke, 
but the Signs beinp; contrnry, thcrclorc bv Art. 5. thcfc Quanti- 
ties will delhoy one another, theii puttniij; clown the 4 r; and 
•—9^^, by Art, 6. we have 4^0 — 9 ^ i', the Piodud^ required. 

Multiply 7 w + 4 ^1 
By -3^+5 

— 2i;«tf — 12 a a the Product of 7 w -f- 4 <j multi-* 

plied bv — 7 f7. 
35w-J-20<3 the Produtl of 7 v/ 4 a multly 

plied by bv Art. 19. 

ProJud — 21 M a ^ 12 a a + 35 m -f- 20 a 

Muhiply 
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Multiply 5^+^ 
By 2 ^7 4- 3 ^ 

locja ^ 2a b the Piodii6l of 5 ^ + ^ multiplied by 2 a. 

I ^ ^ ^ -j- ^ ^ ^ the Product of 5 -j- ^ multipiied by 3^, 

Product 10 a a +17^^ + 3^^. 



DIVISION, 

//^ t&ere are four Cafes. 



*0 



I* Cafe Quantities to be 

V V divided are both affirmative, or both ne- 
gative, rcjev51 all thofe Quantities in the Dividend and Divifor 
that are alike, and fet clown the Remainder, prefixing to it ihe 
Sigo +> which will be the Quotient required. 

Exam. I. Exam. 2. Exam. 3. Exam, 4. 

Divide ah dm *-^mn — ap 

By a d — m — p 

Q^iotient b . . m n a 

Exam, J. Bccaufe a Is in the Dividend and Divilbr, lejeiV 
it, and ^ being only left, it is the Qyoiient fought, and is to 
have the Sign -{-, bccaufe the Signs of ab and a are alike. 

Exam. 2. Becaufe d is in the Dividend and Divifor, re*e<S^ 
it, and there being only m left, it is the Quotient fought, 
which muft have the Sign becaufe the Signs of d m and d 
are alike. 

Exam, 3. Becaufe m is in the Dividend and Divifor, xt\t€t 
it, and // being only left, I write it down for the Quotient 
iuip^ht, which mud have the Si^^n -J-> becaufe m n and m have 
4 he fame Sign. 

Exam 4. Becaufe p is in the Dividend and Divifor, I reject 
it, and place down the Quantity left, for the Quotient 
fought, which mult have ihe S»gn -j-, for the Signs of « ^ and 
f ttfc alike. 



r 



Bxanu 
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Exam, 5. Exam. 6. Exam. 7. Exam, 

Divide amd — npy mda — my^ 

By am —py ma — % 

Quotient d a d ym 

Exam. 5» Becaufe a m is in tfic Dividend and Divifor, reje£l 
It, and place down d for the Quotient^ which muft have tlie 
affirmative Sign, for the Signs of amd and a m are alike. 

Exam. 6. fiecaufe py is in the Dividend and Divifbr, I 
rejeii it, and place down <?, the remaining Quantity, for the 
Quotient, which muft hav« .the affirmative Sign, for the Sigrfs 
of ^7^^ and are alike. 

Exam. 7. Becaufe ma\% in the Dividend an j Divifor, t 
^j6<a it, and place down d for the Quotient, which mtift hav« 
the Sign -f-, becaufe the Signs of mda and ma arc alike. 

E^m. 8. Becaufe % is in the Dividend and Divifor, X 
reje^ it, and place down jrw, or wy, which is the fame thing, 
for the Quotient fought, and muft have the Sign -|-, becaufe 
Che Signs of my z and z are alike. 

Divide Jipz — jnnd -^ahc ahdy 
By a% — md 



c ay 



Quotient P n ab ' b d 

The Truth of thefe Operations in Diviiion may be proved 
like thofe in Arithmetic, for the Quotient and Divifor belnj 
multiplied, the Product will be the Dividend if the Work is 
true ; thus in the fecond Example of the laft four, by multiplying 
n the Quotient into — 7nd the Divifor, the Product is mdn^ 
ox mndy to which muft be prefixt the Sign — , by Art. 16. be* 
caufe the Signs oi md and n are unlike, hence the Product with 
its Sign is — mnd^ the given Dividend. 

And in the laft Example, if we multiply hd the Quotient by 
ay the Divifor, the Product is bday^ or abdy^ which is the 
ifamc thing, by Art, 11, and this Quantity mutt have the affir- 
mative Sign, by Art. 9. for the Signs of and ay are alike, 
hence + a If dy^ or abdy^ is the Product wiib its S:gn, the fame 

the given Dividend : And fo of any other Example. ' 

21, But if all the Q^iantities In the Divifor are not tobe found 
in the Dividend^ then you muft on'j rejei^ ihofe Qttamiiies m 
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Ifhe Dividend and Divifor that are alike, placing down the re- 
piiifitng Qttantities of the Dividend, and under thexn thofe of 
the Divifor that are not rcje(fled by this Rule ; which will 
foe the<Quotient rought> and fland Jlke a Vulgar Fraction in 
comnioii Arithmetic 

Exanu U Exam, 2. Exam* 3. Exam* 4. 

Divide amb — mnd% — ^^yp p nqr 
By ay — mn a — d pz pad 

mh dx ay nqr 



«^:oucnt. 



a z ad 



Exam. I. Becaufe a is in the Dividend and Divifor, reje£l 
it, and place down m b (he remaining Part of the Dividend, 
under which drawing a Line, and place y the remaining Part of 

m b 

the Divifor, fo will — be the Quotient fought, which muft 

y 

liave the Sign by Art. 20^^ as the SJgnsof the Quantities to 
be divided are alike. 

Exam, 2, Becaufe mn is in the Divlde^nd and Divifor, reje^ 
it, and place down dz the remaintng Part of the Dividend, 
under which drawing a Line, and place a the remaining Part of 

d z 

the J^ivifoi , fo is the Quotient required, and it muft hav<5 

a 

the "Sign +, by Art. 20. as the Signs of the Quantities to bp 
divided are alike. 

Exam, 3. Becaufe dp'xi in both Dividend and Divifor, reje£l 
It, and write down ay the remaining Part of. the Dividend, 
under which place z the remaining Part of the Divifor, as in the 

J yvo foimer Examples, fo is or -|- the Quotient re^ 

z z 

quired, for the Signs of the two Qiiantiiies to be divided are 
alike. 

Exam, 4. Becaufe p is in both Dividend and Divifor, reje£t 
it, a^id write down nqr .the remaining Part of the Dividend^ 
ujtider which place ad the remaining Part of the Divifor, and 

f is the Q^iotient required, which will be affirmative by 

^d 

Art. g.0* becayfe the Signs pnqr axiip a d ar.c alike. 

F Divide 



1 



^4 4LGEB.B.4, 



By 



^apqn 


adz 


mnd 


—yzd^ 


■ — an f?i 


ap 


ma 




Pf ' 




nd 


db 


m 


' P 


0 


0 



Thefe Operation*; are proved as at Arf. 20. by multiplying 
the Quotient by the Divifor , for in the laii. Example the Quotient 
db 

i$ — ) which is a Fra^ion : the Divifor is — y z which by the 

a 

Rule of Vulgar Fra6itons in common Arithmetic is made this im.« 
proper Fra^ion — ^i^, then the two Fractions to be inuluplied 

are — > and — ^^-^1 multiplying the Numerj&tors we have 
a I 

dhyz^i for the new Numerator, aiiil multiplying the Denominator* 
we have a lor tiic Deriominator, hence the Pi uduct is this Fraction 

^IZ^y but as ^LLf. has the pegative Sign, and 1- has 

a I a 

the a&rmative Sign, therefore by Art. 16. prehx the Sign — to 

ihl^l and it is ^ itl^^ the Produa with its true Sign : 

a a 
But in this Fraction ZB^dbyza is to be divided by tf, reje6t* 
ing a both in Dividend and Divifor by Art* 20, we have— ^^^^ a 
or — y zdhy the fame with the Dividend in the given Example ^ 
In like Manner may the others be proved. 

22. And if there are two or more Quantities conneidlcd by 
the Signs + or to be divided by any fmgle Quantity, every 
Quantity in the Dividend muft be divided by the DivKbr, fetting 
^own the particular Quotients, as at Art* ^.0* which mufl be 
connected by the Sign when the Signs of the Quantities tp 
be divided are both alike. 

Exam, I. Exam* 2. Exam. 3^ 

Divide qb'\-am mdJ^mz ^da — dpq 



m 



^d 



By f ^ 

Quotient b-^-m 4 + ^ ^+P^ 

Exam, I. Dividing ah hy a the Quotient is b, by Art. 2C. 
s.nd dividing am hy a the *siuotfent is b>' ti)e Ume An, but 
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ats a m aTidf o have both the affirmative. $ign, therefore! fowpre* 
fix the Sign -f-, fo is ^ ;9z th^ Quotknc required. 

£xam» md being divided by m the Quotient is by Art. 
20. and dividbg mz by m the Quotient is to which prefix- 
ing the Sign as and m have both the facte Sigir> we bave' 
ii-\'Z for the Quotient I'cqutred. 

Exam. da being divided by d the Quotiertt Is a, and be- 
caiifei/i2 and a have both the nef>ative Sign, or the Signs are 
alike,- therefore a muft have the Sign +, whence it is -f- ^ or ^> 
and dividirrg — dpqhv — d the Quotient \^ pq^ to which' 
muft be prefixed the ^\n\ -f-, for the Signs of dpq and d are' 
alike, hence wc have a -^pq for the Quotient required* 

Exam, 4. Exarrii ^. Bxam, 6. 

Divide '^ab^ani hm-^-hfi ^zyp^zya 

By — a h ^ zy 



Quotient b-^m m'\-n 

Exam. 4. Dividing — nh by — a the Quotient is by- 
Art. 20. and it muft be 4- b or as the Signs of a b and ^7 arc 
alike ; then dividing — ^am by — a the Qj_iolient is m., by Art, 
20. becaufe the Signs of a7n and ^2 are aUke, then connecting 
b and w with the Sign and b -\- m\s the Quotient required. 

ExaTTi. 5. Dividing h m by the Quotient is by Art. 20. 
ana div iding ^ ;z by h the (^lotient is and as b fi ai^d have 
the fame Si^n, therefore prefix the Sign 4- *o is m -j- ;? 

the Quotient required. 

Exjm^bi Dividing— rfzy^ by— *zy the Quotient ts by 
Art. 20. and dividing — %y ahy -^zy the Quotient is ^, to 
which prefi.xing the Sign for the Signs of %ya and %y are 
alike, we have ^ -|- <i the Quotient required. 

Divide '^dnZ'^zad am-^-ad ^dy'^dx 

By -^dz a ~~d 



Qi^otient » + m-\- d 

* 

The Truth of thefe Operations are proved by multiplying the 
Q^toucnt by the Diviforj if that Produ£^ agrees with the Divi* 
dend in its Qitantities and Signs the Work is true, otherwife 
not. Now in the laft Example the Quotient y and th« 
Divifor — ^, being multiplied together by Art* 14.. they pro- 
duce — dy -^dxy the given Dividend, 

F 2 23, Cafi 
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23. Cfife 2. When the Signs of the Quantities to be dividedf 
are one affirmative and the other negative, find the Quotient ©f 
the Qua nities as befoce i buc to them preiix the mgativ* Sign» 

£:(am» t» Exam, 2w Exam,'^ Exam* ^ 

X)ivlde '^am ^mnp a y z 

By m ^ay 

Q^otteat — — .» 

Exam. I. Becaufe a is in both Dividend and Dlvifor, reje^ 
!t, and place down m the remaining Part of the Dividend, but 
35 the Signs of nm nnd a are diffeicnt, therefore to m prehx 
ihc Sign — , and it will be-— zn, the Quotient required. 

Exam. 2. Becaufe m Is in the Dividend and Divifor, reje<£t 
ity and place down n p the remainin*j Part of the Dividend, 
but as the Signs of mnp and m are difterent, therefore to rrp 
prefix the Sign^, and it will be— the Quotient re- 
j^uired. 

Exam, Becaufe ay is in the Dividend and Divifor, 
reje£^ it, and place down z the remaining Part of the 
Dividend, but as the Signs of a y 2: an^ ay are different^ 
prefix the Sign — to 2, and ic will be — J5, the Quotient 
required. 

Exam, 4. Becaufe d b is in the Div'rdend and Drvi(br, 
fcje£l it, and place doxvn m the remaining Part of the Divi- 
dend ; but the Signs of the Quantities that aie divided being 
difFerent, to tft prefix the Sign—, and it will be — the 
Quotient required. 

D i V ide - — mnp — mnp dy p da h 

By m m n — dy d h 

Quotient — np — p — p — a 

24. And if there are two or more Q;^ran»ities coiu)e(Sicd by 
the Signs -|- br — , to be divided by any lii^g^c Quunti'y, the 
Operation is the lame as at Art. /2. only taking due Care, 
"when the Siens of the Q^iiinftr'c.^ to be divitleJ axe diftcrcnr, 

preiix the Sign ^ before thoiv Quo icntb. 

E^m. 
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Exam. !• Exam. 2. Exam, 3. 

Divide — ad + ^^ ^dnz^dzf 



by ^ — : 

Quotient --n — d ^d^b —n^y, 

Exrm I. Dividing— hy m the Quotient is «, by 
Art 20 but as the Signs of m n and m are different, therefore 
by Art. 23. 1 prefix the Sign -Co «, and it is— ». And 
c3ividin^-imi bv the (Quotient is ^; but as the Signs of 
m d and m arc different, therefore by Art. 23. prefix the Sign-- 
10 d, hence — « — d is the Quotient required. 

2. DividincT by — ^7 the Quotient is/, to which 
prefix the Sign-, by Art. 23. which mates it-//; then 
dividing by-^, the Qiiotieat is but as the Signs of ah 
and a are different, therciurc by Art. 23. prefix the Sign — to 
b and — d— h is the (^lotient required. ^ . . . 
'Exam. 3. D.vidine-^Y/«%by^% Q?.^??"* T 
Arc 20 and 2^. and iur the fame Rcafon dividing — /asy by 
dz, the Quotient is — y, which placing after — «, we have 
the Quotient required. 

Divide maz + m%d ^dah^-'dby ^azx^azh 

By — m % db - 

Quotiejir — a^d ^a^y -~x^h 

The Truth of thefe Operations are likcwife proved from 
niultiplying the a^otient by the Divifor, and if it agrees with 
the Dividend in its Qiiantities and Signs, the Work is true, 

other wife not. . • j * 

25' Cafi 3. But when there are Co-cfEcients jomcd to the 
Quantities, divide the Co-efEcients as in common Arithmetic ; 
and to their Quotients join the Quotient of the Quantities found 
by the foregoing Diredions ; but cautiouRy remember, that if 
the Signs of the Quantities that are divided are alike, the Quo- 
tient murt have the affirmative Sign, as at Art. 20. but »^ the 
Sitrns of the Quantities that are divided are unhke, then the 
Quotient muft have the Sign — pr-efixt to it, by Art. 23. 

Exam. I. Exam. 2. Exam, 3. Exam. 4. 
Divide idam Syz ^2^dm -^iSma 

Quoiiem 47 

Exam. 
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Exam. I. Dividing i6 by 2 the Quotient is 9, TinAam 
vided by a the Quotient is /n, joining 8 to the m it is 8 m, and 
as it am ant) have the fanoie Sign, hence by Art. io* the 
Sign + muft be preiixt to 8 m> there^e the Qiiotient is -|» 
8 m or 8 ixf • 

Exam* 2. Dividing 8 by 2 the Quotient Is 4^ and dividing 
z by z the Quotient is yy joining the 4 to the y it is 4y j 
but as 8 jtz and 2 z have the fame Sign, therefore by Art. 20. 
prefix the Sign + to 4 j's hence -f- or 4y is the Quotient 
fequired. 

Exam. 3. Dividing 24 by 6 the Quotient is 4, and dividing 
dmhy d the Quotient is nti joining 4 to the m it is 4 but 
a:^2/^dm and 6 have the fame Sign, prefix the Sign 4* to 4 xv, 
hence + 4 «r or 4 w is the Quotient required. 

Exam. 4. Dividing 18 by 6 the Quotient is 3, and dividing 
ma hy a the Quotient is joining 3 to the m it is 3 m, and 
as 1% ma and 612 have the fame' Sign, therefore by Art. 2(>«_ 
the Quotient is -|- 3 iw or 3 »i. 

Exam, 5, Exam* 6. £a'j;». y* EMm, 8, 

Divide ^I5<7y — 8^//?i . 2872: '^i^da 

By 3^ ^ — — 7;^ ^ ?g 

Quotient — 5;^ ^m — 42 — 4<i 



5. Dividing 1 5 by 3 the Quotient is 5, and dividing 
ayhy a the Quotient is^, joining 5 to the y it is 57, but as 
the oigns of 1$ ay and 3^2 are different, therefore by Art. 2j. 
prefix the Sign — to 57, and — 5y is the Quotient re- 
quired. 

Exam. 6. Dividing 8 by 4 the Quotient is 2, and dividing 
dmhy d the Quotient is joining the 2 and m 2my but 
as 8 ^/ 771 and 4 ^/ have the fame Sign, prefix the Sign to 2 m, 
by Art. 20. and -rf- 2 w or 2 ?w is the Qi^ioiient rc 41 ircd. 

Exam, 7. Dividing 28 by 7 the Qiiotient is 4, and dividing 
y z hyy the Quotient is z, joining the 4 and z it is 4 s ; but as 
28 j^z and 7y have different Signs, therefore by Art, 23. prefix 
the Sign to 4 z, fo vtriJl — 4 z be the Quotient required. 

Exam, 8. Dividing 12 by 3 the Q^ioti^nt is 4, and dividing 
da by a the Quotient is joining the 4 and d\t\% ^d-y but as 
the Signs of izda and 3 a arc different, therefore by Art. 23* 
prefix the Sign ~ to 4^/> and then^4</ is the Qiiotient 
required* 

Divide 
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Divide — 32/i»i iBdza 22jffff« i6a% 

By — Sm jiyn — 8.^ 



26. And if there are two or more Quantities connc^cd togc- 
ither with Co-efficients, to be divided by any lingle Quantity and 
its Co-efijcient, the Operation is 1^11 performed in the. fame 
Manner, conne£ting the particular Quotients as at Art. 22, and 
24. ftill .carefully rcmenit^cnng that when the C^iantitics that 
are divided have like Signs, whether qffirmativ!' or r^-/2- 
iive^ the Quotient mud have the affirmative Sign ; but it the 
Signs of the Qiiantities that are divided are unJike, thea the 
.Quotient oiufthavc the Si^ii — ^jfchxt to it« 

Exam* !• Exam, 2, Exam, 3. 

Divide m-^-iiad --^iG my~.\-2^mz t%dn — iidh 
By la ^4»2 d 

Quotient .2 /?j ^ * 4 J' — 4 w^^^ 

Exut.i. 1. Dividing ^{im by ia the <^iotient is 2 hj 
Art, 25. and dividing 12a dhy 2 the Quotient is 6^/, and 
becaufe the Signs of 2 a and 12 ^ are alike, pref\x the Siga 
to 6df and we have 2 «»-4"^ Quotient required. 

Exam, 2, Dividing — 16 by — 4^ the Quotient is 4 j?, 
by Art. 25. for the Signs of 16 my and 4 /a arealike, and 
dividing 24 w s by — 4 m the Quotient is 6 z, for 6 z muft 
bave the negative Sign prefixt to it, the Signs of 24 m z and 
4/w being unlike j hence /^y — 6z is the Quotient required. 

Exam, 3. Dividing dn by yd the Quotient is 4», or 
-f* 4 for the Signs of iSdn and 7 d are alike : and dividing 

21 by yd the Quotient is — 3^, for 3^ muft have the 
negative ^lign prenxt to it, as the Signs of 21 di and yd are 
unlike, hence 4« — 3^ Is the Quotient required. 

Divide 16 pa — 2^pd — 24 win-}' 3^ * 16 zu — ^.zd 

By — • 4-p -^^ .m 2K 

Qiioticnt — 4 + 7 <^ 6« — 921 Su — 2d 

The Truth of thefe Operations are proved likewife from mul- 
tiplying the Quotient by the Divifor, for if the Work is true^ 
the ProdusSl will agree with the Dividend in its Qiiantities and- 
Signs : In the lad Example the Divifor is 2 2, and the Quotient 
2s S ur-^zd^ now if we 
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Exam» 2* 


Exam. 3, 




a m 






,! 




b 


a m 


3 "7 








b 



Multiply ^w^id 
By 2 % 

liyzu^^zd the Produ^l is the fame as 
llie given Dividend, and fo may the other Examples be proved* 

27. C^ft' 4. But when any Quantities in the Dividend are not 
the fame with ihole in the Divifor, then place down the Dividend 
with its Signs and Co-efficients, under which drawing^ a Line* 
7.nd after the Manner of Vulgar Fract KMis place the Divifor with 
ks Signs and Co-efiicients, and this will be the Quotient 
required. 

Exam, I. 

Divide b 
By a 

Quotient ^ 

Exam T. Becaufe h and a are different Quantrties, place 
down the Dividend b, under which draw a Lme, and place thf 

Divifor a, fo is t the Quotient required. 

Exam 2. Becaufe am 2nd d are different Qiiantitles, place 
down am the Dividend, draw a Line un4er M> and place th« 

Divifor d, fo is the Quotient required. 

Exam, 3. Becaufe 3 and z are difFerent a^^ntUles, place 
dawn 3 J' the Dividend, under it draw a Une, and place z the 

Divifor, fo is the Quotient required. 

Exan^. 4. Becaufe ?.dy and b are different Quantities, place 
down 2 the Dividend, draw a Line under it, md placed the 

Divifor, and is the Quotient required. 
b 

By %y_ 21^ ,41- -IV 



Quotient—- 3z 



2 



Pivid« 
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Divide 

By. 


ma 

1 y 


Id 

m z 


y d 


24. d 
yyz 


Quotien^ 


in a 


Id 

m7» 


y d 





28. When two or more Qiiantitics connected by the Signs 
or — are to be (Jivided by any iingle Quantity, and the 
Quantities in the Dividend are difterent fiom thofe in the 
Divifor, thea having fct down all the (^antities in the Di- 
vidend with their Signs and Co efficients, draw a Line under 
them all, under which place the Divifor as -before, and thi» 
wiil be the Quotient required. 

Exam, I. Exam* 2, Exam, 3. 

Divide 2^ + 3^ yy^zm 152 — yd a 

5 ^ .3« A-y 

tQuotient 



2 a 



h 3 yy — 2 m 1 5 2 — y da 
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Exam. I. Becaufe 2 + 3 ^ the Dividend and 5 m the DivKbr 
are different, therefore place down 2 + 3 ^, under which draw 

a Line, and place the Divifor 5 fo is ? ^ ^ t the Quotient 

•required. 

Exam. 2, Becaufe yy — 2?n the Dividend and 3^ the Di- 
vifor are different, therefore place down jy — ■ 2my under whicti 

jdraw, a Line, and place the Divifor 3 fo is 7> ^jj^ 

Q^uotic^nt rcqu ued. 

Exam. 3. Becaufe 15% — J da the Dividend and ^.y the 
Divifor are different, therefore place down 152 — yda the 
Dividend, under which draw a Line, and place 4^ the Diviibr, 

Co is . ^5--* ^ > ^j,^ Quotient required. 

Divide ^.ma — 3^ y dh — $xz 19W— 15^ 

5^ .-^.v yy 



Qyoticni 



4 y/2 — 3 <flf jdb — sxz jgm'—i^p 

555 ■ ^y yy 

G Divide 
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Divide 3^2 — 5^ jym — ^dn 2^dp'\-' ^yx — 17 »f 
By ' 2 y 5 w /» 

29. If there are two or more Quantities conne£lcd by 
the Signs ^or— *, to be divided by two or more Quantities 
conneSed by the Signs + or — , but the Qitantities in the 
Dividend are different from thole in the Divifor, it is only 
placing down the Dividend as before, under which drawing a 
Line, and place in' like Manneir the Divifor, and this will be 
the Quotient required. 

Exam, I. Exam, 2. Exam» 3. 

Divide 2*2+ m Sy^l4 —i^m^%% — 

S^+ Zy 3a + 2m 3 v tT ^ ^ [ 

QuoUent ?Jl±^ 52ZLZi T + 5 ^ 7" ' ! 1 
" S^-tZy 3^4-'2'« 37 — -^^ 

Exam, I. Becaufe the Quantities in the Dividend and Divifor 
are uf»lilce, the>efore place down -\- m the Dividend with its 
Co-€liicienu and Signs, under which draw a Line, and place 

ed-^ 3 y the Divifor, fo is -^J!L the Quotient required. 

Exam, -I, BccLiure — 7./ the Dividend is different from 
I rii the D.v;(or, therefore place down ^y^'^d the 
Dividend, uiider which draw a Line, and place i^a im the 

Divifor, (b is 1-^ ^ the Quotient required. 
3<j-|- 2 w 

£jf<?;H, 3. Becauft; — 14 ^ + 5 ^ — 1 1 a* the Dividend is 
different' Mom 3y — zd the Divifor, therefore place down 
— 14 //? + 52 ^iix the Dividend, draw a Line under it, 

and place ^ v — 2 « the Divifor, and — ■ — 

r ^/ • ' 3;' — Z^/ 

U the Quotient required. 

Divide 4iK— sy — 2l/^m+i9zy i4yz — 
By 3^4-22 sd ' ' — 3 w 5 /? 

1: . ' ■4;;7/ — c y — '21 + lOftv J4 V — udx 
Quotient ^ ^ . T ' , , ^ 

• - - ^ Divide 
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Divide — ^4/7 + 5»?— 4<' + 3^— 5^ ^^ + 3y 



Quoileht 



30. Tt inay be juft obfervcd to the Learner, that when sLtfy 
Quantity is divided by itfeif, or the Dividend and Divifor arc 
alike, that then the Quotient will be Unity, or i. And if the 
Signs of the Quantities to be divided are alike, the Quotient 
muft have the Sign -J- j but if the Signs of the Quantities to 
be divided are unlike, then to the Quotient, or i, prefix thii 
Sign — , 

Divide 2 a h 14, m n ^ ^ dz j y 

By \^mn — ^ 5 a? jjj — 7^ 



Quotient i 11 i 

For by Art. 25. if we divide the Co-efficients^, the Quotient 
will be Unity, or i 5 then, by Art. 20; rejecling all thofd 
Quantities that are a^lke, both in the Dividend and Di' ifor, 
the Qirantities all vaniOi, and there will be none to be joined to 
the Unify, or i ; whence, in fuch Cafes as thele, Vmt^'y or I, 
is the Quotient required. 

It may be further obft'rved, that if an abfolute or pure 
Number is the Divifor, the Co-efHcients in the Dividend, if 
there are more than one, inuft be divided by the Divifor, and 
to each of thefe Quotients join the reflective Quantities of the 
Dividendj as at Aa. 26. 

Divide i\.ma-\- iZyz l6 z a -^-l^ym I4>'<^4"3S^ 
By 6 8 _ 7 

Qtiotient 4/?2^z + 3^2s iza^^y^ — 2^</— 52 

But if (he Divifor will not exactly divide the Co-crficienfj» of 
the Dividend, (hen place the Dividend and Divifor in the Man* 
ner of Vidi^ar Ki arlions, as in the fore^oioii Articles. 

The Method of dividing conipound Quanrities bv one another^ 
where iht; Opeiarion is continued as in common Aiithmeric, 
being gencrnlly perplexing to Learners, it will be cxphiined la 
the Method of folving ^taflratic Equadons, this Du'iIimd not 
being nea i^jry in the prefcnt Defign before we come to that 
Piirt of the VVofk. 

G2 INVOLUTION". 
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31. f I A HIS is only raifrn^ of Powers from any given 
Root, and therefore is pcriorined by Multiplication i 
For the Quantity which is given being multiplied by itfclf will 
be the Square of that Quantity, that Product being multiplied 
by the given Quantity, this Product: will be the Cube of that 
Quantity, and that Producf miiltiplied again by the given 
Qiiantity, will be tiie fourth Power of that Quantity } and fa 
on as in common Anthmeticic* 

To find the Cube of a To find the Cube of h 

a b 



The Square of a a a The Square of ^ b b 

a h 

The Cube of a ITaa The Cube of h b b k 



To find the Cube of — — 2/ 

2/ 



Now 2y multiplied by 2V the 7 . .1 c 

Prod«a will be by 13. i '1'= i"^"^^ of 2, 



And 4,yy multipUcd by 2 jr, the 7 g ^ . 
Produa will be by Art, 13, i ^^^^ ^"^^ "^^^^ 

To find the Cube of — 3 2 

32 



And 9 multiplied by 32, the ) 



32 



Prr«a wuTb-c by" ZtVr \ ^7--'^^^^"^ -^3* 

• T* 
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To find the 4th Power of 

— 7.x 



Now — Q.X multiplied 1 

by — 2Xy the Product > 4 ;f the Square of^tx 

is by Art. 9. and 13. 3 ' — 2x 

And 4 A- X multiplied by 7 

— 2^, the Produ£l> — 8 ;f the Cube of — 2 ;ir 
is by Art. 13. and 16. i —2x 

And — 8 ^^A* multiplied ") • 

by — 2 the Prod u(5l f i6jf;irA';((-t;he4thPowerof— 2Jir. 
is by Art. 9. and 13/ J 

In like Manner any other fmgle'Quantity may be raifed to 
any required Power, and if in the given Quantity there are more 
Letters than one, it is done in the fanie Manner* 

To find the 4th Power of 2 



^aabbiht Square oi 2ab 

2ah 



Zaaabbb the Cube of 2 ab 
nab 



ibaaaabtbb t^Q^h^ovitt of 2^^. 

52. If there arc two or more Quantities conne<5ed by the 

Signs -f- or — , to be raifed to any given l*ovver, it is ftill 
periornieci by comnion Multiplication. Two Quantities whea 
conr*€<Sted by the Sign is commonly caiicd a EinotmaL 

To raife the BinomiaL 
or + * to the third Power or Cube* 

a a a b the Prod, of a -\~ b multlp. by by Aft. 10.- 
+ the Prod, ot /? multip. by ^, by Art. IC. 

iia '\-Q.ab b b the Sum of thefe two Produdls, or 
-4- i the Square of ^7 + ^, 

aaa ab abb i\\t Product of a a 2abJ\- b h 

multiplied by by Art. i-o. 
aab \ 2 a bb + bbb the Produd of a a -\- 2a b -^b It 
multiplie d by b^ by Art. 10. 

41 a a a b ^ a b b '\- b i b the Sum of thefe two Pro- 

d\iSh, or the Cube of a ^ b* 

Whea 
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When two Qiiantitics are connected by the Sign — , it it. 
commonly called a ReftduaL o - 



To i'aife the RefiduaU 
or X — y to the third Power or Cube. 



XX — xy the Product of x — y multiplied by a*. 
' ^^y-^yy the Prod uct of x—^y multiplied by — y, 
XX — 2xy-^yy the Sum of thefe two Produd^s, or 

the Square of x — y* 



xxx'-^lxxy ^xyy the Produ£^of xx^2 xy-^yy 

jnultiplied by x, 
•^xxy + 2xyy-^yyy the Produ£l of xx — ^xy-^-yy 
multiplied by y. 

XXX — Z^^y-^- Z^yy~^yyy the Sum of thefe twoPro- 

du<5ls, or the Cube of ;f — y. 

And if thefe compound Quantities have Co-elEcients, th© 
Work ftili proceeds as at Art. z8. 

To raife the Bmomial, 

ox 2 <7 -f 3 ^ to the third Power. 

a a-^- (j a b the Product of 2 ^ 3Z' multiplied by 2 tf. 
dab + ,9 h h the Produdt of 2 a + 3 multiplied by 3 h, 

^aa-^ I2ah + <)ifb the Sum of thefe two Proda6ls, 

or the Square of 2 « + 3 ^« 

Saaa~^2^aah-^iS abh the ProduSof 4/?^ -j- 12 a If 

-f- 9 ^ multiplied by 2 a. 
1200^-^- a h ^'{-ij bbh the Prod uift of 4 4- 12 a b 

qlfb multiplied b) 3 l?. 



^ aaa ^0 a u If 54^ '^^ ^ ^' +27 the Sum of thefe two 

Piuuudts, or the Cube of ;^ ^ -j- 3 ^< 
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Ta raifc ^m-^- 2y to the third Power. 
3 w 4- 2 y 

6?K j' -f - 4 vjr 



gm7n'\- i2OT^ + 4^jr the Square of 3 m 4* 2/ 

i^m + zy 

2ywmm'^2^mmy'{' 12 ot>j» 



27 -f ^j^mmy + -f~Uyyy tht Cube of 

To raife « — 2 ^ to the third Powen 
a — 2 ^ 



<7 — 4 4" 4- ^ ^ the Sc^uarc of — 2 ^ 

— 2 ^ 

a a a-^ ^ a a I? ^ 4. n 6 i> 

aaa-^aab-^- xzabh — 8^^^ iheCubeofi7^2 5. 

In this ExampJe I have placed the fame Qvj entities under 
each other, for the more commodious adding them, though this 
is not necelTary, and is a Knowledge the Learner wilJ acquire 
from his own Qblervation. 



EVOLUTION. 

33- ^ 8 ^ ^ ^^'^^ Extrnv5^Ion of Roots, and thercfoie op- 
i pnfife to Involution, and as Etjuauoris \-\ which the 
unkiiown C<A.u:.tity lile^ above the Square are genculij, at^fc^lecf, 
and reibl'.'cd by th^* ^'Tet^iod of Convt-rging S'^rtes^ v.'c iliall con- 
fidei the Sqn lie Roof only ; and give fuch Diretili-' ns that the 
Learner mav generally know, whether the ^quurc Root of fuch 
Qu ifitit) js a:i commonly occur in the Solution of Quellions can 
be fX i.K^Jccl or net. 

N >w lb mZ' j 7'imes as any f.etter is tepearcc?., To hip^h is 
tile P*j *'er cf tluit Letter faid to be. Thus, a \b a to liie firli 
Power : lj \^ to the iccor:d Power or Scjuare ; aa^uaaa is a 
io the fouria i^ovvcr, as in liwolijiuon. 

2 And 
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And to extract the Root of any fimple Quantity, confider how 
many Times the Letter is repeated, or how hijh the Power 
of it is, and if it appears to be the (etc I, third, foui?h, or 
any other Power, divide that Figure which expreffes the Hd«>hth 
of the Power by 2, and it it does not divide it exactly, [i\ a 
^//r^/ Quantity, and has no Square Root; but if it divides it 
cxacStly, let down the Qj.iantity whofc Root you are extracrint^ 
as many Times a<^ the Qiiotient of the above Diviiion directs, 
and that will be the Squaie Root required. 

Exam. I. Exam, 2. Exam* 

To extra£l the Square Root of a a hbb b b b h bbb 
The Square Root is a bb bbb 

Exam I. Here a is repeated twice, or to the fecond Powder ; 
now dividing 2 by 2 the Quotient is i, therefore fetting down a 
once, or Oy it is the Square Root required. 

Exam, 2. Here b is repeated four times, or to the fourth 
^ower J now dividing 4 by 2 the Quotient is 2, therefore fetting 
down b twice, or h by it is the Square Root required. 

Exam, 3. Here b is repeated fix times, or to the fixth Power ; 
now dividing 6 by 2 the Quotient is 3, therefore fetting down b 
three times, ov bbby it is the Square Root required. 

The Truth of thefe Operations are proved by Muhipli- 
cation, for if the Work is right, the Square Root being multi- 
plied by itfeJf will produce the Qiiantity fiom which the Root 
was extracted. Thus in Example 2> 

The Square Root i? bb 
Which being muitipiied by itfelf b b 

The Produ<5l is the given Square bbbb 
And ib of any other Example. 

Exam. 4. Exam, 5. 

To extraft the Square Root of aaaa dddddd 
The Square Root is a a ddd 

Exam. 4. Here a is repeated four times, or to the fourth 
Power \ now dividing 4 by 2 the Quotient is 2, which (liows 
that a muft be repeated twice> that \%y aa \& the Square Root 
required* 

E»am* 
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Exam* 5. Here d is repeated fix times, or to the fixth 
Power j now dividing 6 by 2 the Quotient is 3, which fhows 
that d mull be repeated three times, and confequently did 
is the Square Root required. 

And if the Quantity, whofe Root is to beextradied, has dif- 
ferent Letters, then confider if the Number of Times each 
Letter is repeated can be divided by 2 without any Remainder, 
and if they can, fct down c:-rh Letter fo many Times as the 
Quotient of the refpe6Hve Divifion dtre6ts, and joining them* 
this will be the Square Root required ; but if the Number of 
Times any one Letter is repeated cannot be divided by 2, then 
the whole Quantity has no Square Root. 

Exam, I* Exam, 2. Exam. 3. 

To extra£^ the Square Root aabbbh aaaadddd mmpp 
The Square Root is abb aadd mp 

Exam, I.' Here a is repeated twice, and 2 being divided by 2 
the Quotient is i, which Ihows a muft be taken only once, or 
a. Now b is repeated four Times, or to the fourth Power, and 
4 being divided by 2 the Quotient is 2, which ftiows b muft be 
repeated twice, or b 3, now joining a to b by and a b b 1% the 
Square Root required. 

Exam* 2. Here a isi-epeated to the fourth Power, and dividing 
4 by 2 the (^I'otient is 2, which (hows that a muft be repeated 
twice, that is, it muft he a a: Again, d is repeated to the fourth 
Power, and dividing 4 by 2, the Quotient is 2, which fhows 
d muft be repeated to the fecond Power, or d d. Now joining 
a a to ddj we have aadd (ox the Square Root required. 

By the fame Method of reafoning we ftiall find in Example 3, 
that the Square Root of m m p p \s m 

• But when it is found that the given Quantity has not fuch a 
Root as is required, then the Square Root of it is exprefied by 
prefixing this iSign ^ before it. 

Exam, I. Exam, 2, Exam, 

Required., the Square Root of a bhh ddddd 

The Square Root is \/ <2 y/hbt> ddddd 

Exa?n. I. ■ Eccaufe a is only repeated once, and as ve cannot 
divide I by 2, and have the Quotient a whole Number, therctore- 

i coixcluie is H Surd Quantity, and accordii)g>y> to expr^fs the 

H Square 
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Square Root of prefix the Sign ^ to it, fo is ^ ^ the 
Square Root required. 

Exam. 2. Here b is repeated three times, and becaufe 3 
cannot be divided by 2, and have no Remainder, therefore i 
conclude hbb is a Surd Quantity, and to exprefs the Square 
Root of it, prefix the Sign tj to it, fo is hbb the Square 
Root required. 

Exam. 3. Here d being repeated five times, and as we cannot 
divide 5 by 2, and have no Remainder, therefore I conclude that 
ddddd IS 3, Surd Quantity, and to exprefs the Square Root of 
it, prefix the Sign ^ to it, {o is ^ ddddd the Square Root 
required. 

34. But to extract the Square Root of compound Quantities, 
or thofe conneded by the Signs + or — , obferve, 

i^^V/?, There muft be three Quantities to make it a Square, 
for <2 + ^ multiplied by itfelf, or fquared, the Produft is 
aa 2 a b -\- h by Art. 32. whence if there arc only tv/o 
Quantities it is a Surd, I take no Notice of any greater 
Number of Quaptities than three, which may compofe a 
Square, as they feldom occur in any Operation. 

Secoyidly^ Whether thefe three Quantities have two dif- 
ferent Letters only; there may be Cafes in which there arc 
more than two different Letters in thefe three Quantities, but 
cs they feldom happen, I choofe not to perplex the Learner 
with them. 

Thirdly^ If two of thefe three Quantities are pure Powers 
of thofe two Letters ; that is, in the Square of a-)^ b there is 
ea and bh^ pure Powers of the Quantities a and b. 

Fourthly^ Whether both thefe pure Powers of the two dif- 
ferent Letters have the Sign -J- before them. 

Eifthlyy If the third of the above three Quantities is twice 
the Product of the Square Root of the two pure Powers of the 
two different Letters, that is, the Square of a b being 
^7/7-1' 2. ab b by the Quantity 2 ab h twice the Produ<^ of 
the Square Root of a a and b b y and this Quantity may have 
cither the Sign + or — • 

Now if the given Quantity, whofe Root is to be cxtra£ied, 
anfwers thefe Particulars, its Square Root may be extracted thus. 

Sixthly^ Extradl the Square Root of the two pure Powers of 
the two different Letters, according to the Directions at Art. 33. 

Seventhly^ If the Quantity mentioned at the fifth Particular 
has the negative Sign, connect the two Roots mentioned in the 
laft Particular with the Sign — ^ and it will be the Square Root 
required* 
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E^^hthlv^ But if the Quantity mentioned at the fifth Particu- 
lar has the Sign -|-» conned: thofe two Roots with the 

Sign and this Wili be the Square Root required. 

Now Jet it be required to extiact ihe Square Root aa 
*^ ^ it h -|— h h . 

Here are three Qiiantities by the firjl Particular. 

They have likewife two diiFcrent Letters, viz* a and by 
the Jecond Particular. 

Two of thefe Quantities, vt%, aa and hh^ are pure Powei^s 
of the two Letters a and by the third Particular. 

And both thefe pure Powers, aa and bh^ have the 
4-, by the fourth Particular. 

Now fuppofe we neglect the Confideraiion of the fifth Parti- 
cular, and attempt the Extradlon of the Root by the fixth 
Particular. 

Then the Snuare Root of aa^ is by Art. 33, ■ a 

And the Square Root of bh^ is by the fame • h 

And now the third Q^iantity % ah being twice the Piodu^ 
of the Roots a and and having the Sign 

Therefore by the eighth Particular, I conned a and b with 
the Sign -f-, then it is ■ — • a-^-b 
Hence I fuppofe a Ar b to be the Square Root ofaa-\^2ab-f'bb. 
But to prove the Truth of the Operation, multiply the Root 
by icfelf, and if the Produ^ agrees with the given Quantity, in 
Its ^antitiesy Signs^ and Co^f^deniSy the Work is right; if 
not the Work is either erroneous, or has no Square Root> and 
is a Surd Quantity. 
The Root of the laft Example ) , # 

was fuppofed to be S 
Which multiplied by itfclf a -\- b 

aa-i^ab 
ab^-bb 

aa-{'2ab-\-hb 
The Product is the given Quantity, which proves that 
is the Square Root of a a -\- 1 a b -\-b h. 

Required the Square Root of a a 2z a zz. 

Here are three C^jantiries bv the fir/} Parlicuhir. 

They have likewile two different Letters, a and z, by the 
fecoiid Particular, ' 

Two oi thefe Qiiantities, vi%. a a and 22;, are pure Powers 
of a and a, by the third Particular, whole Square Roots are 
£1 and z. 

And both thefe Powers have the Sign + by the f<>urtb 
Faiiicular, 

H 2 Nqw 
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Now the third Qiiantity 2 ■:. a is twice the Product of a aiid 
the SqrK rw Rcots ot the two pure Powers ^2^? and %z. 
Then to extract the Square Root of « + 2 by 

the fixth Particular. 

The Square Root of aa by Art. 33. is • a 

The i-quare Root of z 2 by the fame is % 

Becauic the third Quantity 2 a has the Sign +, therefore by 

the ^/^^/^/^FarticLilar, connect a and a with the Sign 4"> 

« + z IS the Square Root required • 

To try if ihe Square Root is a -^-z 
Multiply it by iifelf a^z 

The ProduiSl a a zaz^i-zz, agreeing with the given Quan- 
tity, in the Quantities, Signs, and Co- efficients, it appears 
that a^zls the Square Root required. 

To extraiSt the Square root of mm^2 mp p p. 

Here are three Quantities by the Jirfl Particular. 

They have likewife two different Letters m and by the 
ficond Particular. 

Two of thefe three Qiiantities, wz. m m and p p arc pure 
Powers of m and />, by the third Particular. 
* And both theie Powers have the Sign hy the fourth 
Particular. 

Likewife the third Quantity — 2mp is twice the Produ6l of 
VI and p^ the Square Roots of the two pure Powers m m and p p. 
Then according to the fixtb Particular, the Square Root of 

mtn is ' ■ m 

By the fame, the Square Root o( pp is - — p 
But as the third Quantity 2 m p has the Sign — , therefore by 

thcy^^/^«/A Particular conne6V and p with the Siga— , and 

m—'p is the Square Root rcquiied. 

To try if iIjc Square Root is m — p 

Multiply it by itielf m — p ' 

mm — mp 
^mp + pp 

mm*^2mp -^-pp 

The Piodu<Sl mm — OL mp + pp9 agreeinp; in every thing with 
the.-iven Quantity^it proves m-^pU the Squajre Root required. 

By 
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By the fame Method cf reafoning it will be found that the 
Square Root of z 2; + 2 c a- -j- -v, Is %^x. 

And that the Square Root of aa lad -\- d ha — d. 
And that the Square Root of AT .V — ixmJ^mjn^ is a — m, 
i\ nd if it was required to extract the Square Root of ^ ^ -J- 

'\' ~y in extrafling the Root of the Fradional QuantiQr 

cxtra£l the Root of the Numerator for a new Numerator, and 
the Root of the Denominator for a new Denominator* 

Here the two pure Powers are a a and — . 

4 

But the Square Root of ^ is » ^ 

hb k 

And the Square Root of — is — — 

4 2 

And conne£ling thefe we have — *^ + 

The Square Root required. 

I^o prove the Truth of this Operaiio/i^ mujtiply a 



byhfelf. £ 

2 



2 



a a-f- — 
2 



ab , bb 
J 

2 4 



4 

<7 multiplied by a the Product is a a, and — multiplied by a 

a b G 
is — , (for making a an improper Fraction — as in common 

2 ' I 

Arithmetic, and multiplying the two Numerators a and b for 
a new Numerator, and the two Denominators i and 2 for a 

new Denoriiiiiatui^ wc have ilA) and ~ multiplied by -A pro* 

2 2 2 

duces — by the fame Rule \ and in the Froduds the F.a^^cn^ 
4 

^-i. and — having the fame Denominator, adding them accord- 
22 

ing 
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ing to the Rule iur Addition of Vulgar Ira^^ons in Arith'- 
mettCy the Sum is 11^, but rejeAing the 2 by the Rule for 

Divifion of Algebra the Sum is <i 

Therefore when any one of the Quantities appears in a Frac^ 
itonal Manner, we muft extract the Square Root of both the 
Numerator and Denominator, placing the Square Root of the 
Numerator for a new Numerator, and the Square Root of the 
Denominator for a new Denominator, and try the Work as 
before. 

But if we cannot extra£l the Square Root of both the Nume* 
rator and Denominator, then we conclude the given Quantity 
to be a Surd. 

Now by this Reafoning we fhall find the Square Root of 

a: A -I- .V 4 > to be jif -|- — . 

4 2 

And that the Square Root of mm*^ my -j" *s Z.* 

Suppofe it v/as rct[uircd to extract the .Si^uare Root of 
Xic + 1 xn — n n. 

Here are three Quantities by the /fr/? ParticuL t . 

They have likewife two different Letters, x and by the 
Jecond Particular. 

Two of thefe three Quantities, xx^ and are pure 

Powers of x and n. 

But both thefe Powers have not the Sign +, for it is — ?z«, 
therefore by the fourth ParticuUi, I conclude that the given 
Quantity x x xn — is a Surd Qiiantity, and its Square 
Root canaut he extracted any otherwife than by picfixinc; the 

Signy/to it, as in. Art. 33. Thus, ^ x x %xn — ««is, 
or exprelTes the Square Root of ^A'-f- 2 x n — nn, 

l^et it be required to extract the Square Root oi a a r ? h-^-^hh^ 

Here arc three ^tvcn Qiiantities by the firfl Particular. 

They have likewile two di^erent Leuers^ a and by the 
Jecond Particular. 

Two of thefe Quantities, aa and bb^ are pure Powers 
of a and h. 

And both thefe Powers have, the Sign -J- l>y the Jourtb Par- 
ticular. 

But then the third Quantity 5 is not twice the ProdudI of 
the Square Roots of ^ ^7 and bbi for their Roots being and by 
if they are multiplied the Produil is ab^^ and that being multi- 
plied by 2 it is 2 1? ^ ; Whereas the third Qijantity in the given 

£:^aiiiple 
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Example is 5 ^ ^. Hence, I conclude that a a a b b is 
a Surd Quantity, and t o exprcfs its Squa re Root I prefix to it 

the Sign ^Z, fo will y/aa ^ab + ^hhethe Square Root of 

And if it was required to extraffc the Square Root of 
h b 

aa-^- 2ab , it will be found a Surd Quantity, it being 

5 

impoiEble to extract the Square Root of 5^ therefore prefix the 
Sign ^to ^tf + 2<2^+ — , and then v'<'« + 2<?^+££isthc 
Square Root required. 

For the fame Reafon the Square Root of x x '\' 2x a 
^ 3 

is ^^f*" + 2^<? 4- ^> it being impoiHble to extra£^ the 
Square Root of 3. 

When the Radical Sign or ^ is to be prefixt to the Whole 
of any compound Quantity, draw the Top of the Sign over all 
thofe Quantities, which fhews that they are all included under 
that Sign j for if the Sign was not to be drawn over all of them» 
it may be thought the Square Root of that Quantity was 
only to be extra6ied which ftand^ next the Radical Sign. 

To extract the Square Root of aaaa'{-^aah'^ bb. 

Here are three given Quantities by the firji Particular. 

They have likewife two different Letters, a and ^, by the 
fecond Particular. 

Two of thefe Quantities, viz, aaaa and bb^ are pure Powers 
of and by by the third Particular. 

And both thefe Powers have the Sign by the fourth 
Particular. 

And the third Quantity %aab is twice the Produ£^ of the 
Square Roots aaaa and b b. 

For by the Jtxtb Particular, the Square Root of aaaa is a a 
And by the fame, the Square Root of is — — b 

And as the third Term 2 aab in the given Quantity has the 
Sign +, bv the eighth Particular connect and the two 
Roots of dj^a ail 1 ///;, with the Sign -j-, (o 1$ a a ^ b the 
^tjuare'Root gf u u a a 2 a a b b l/% 

2 To 
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To prove which put down the } , , 

fuppofed Square koot j ^^-T 
Which multiphed by iifelf a a -\- 1? 



aabA-hh 



nrhc Product anaa'^2aa!}-{'bh^ agrccinc; with the given 
Quantity in every Particular, proves the Squuie Root to be as 
above. 

To extract the Square Root of v y v y — 2 v v a- + -^' a-. 

Here the c^Lvea (^antitics agree with tuc mil £ve Parti-' 

culars as before. 

By thic /Ivih Particular I find tlic Square Root of yyyy is yy 
By the lame, that the Square Root of v is — — x 
But as the third Term — 2 yy x in the given Quantity has the 

Sign — , therefore by the feventh Particular I connedl y y and x 

the two Roots with the Sign — , and fay, or fuppofe;'>' — x to 

be the Square Root required. 

To prove which put down 7 ^ . 

the Aippofed Root J ^•'^ ^ 

Which multiply by itfclf yy — x 

yyyy — y J X 

— yy X X 



The Produ^, agreeing with } ^ , 

. . ^ ^ f yyyy — ^yyx-hxx 
the given Quantity 3 -^^^-^ ' 

By the fame Method we fliall find the Square Root of 
n nirn Q. n n d '\' d d io nn ^ d. 

And that the Square Root of xxx x •\'2x xyy +yyyy is 

And wefhnll find that//\f'-/^-|- 3 ddy-^-y n .9'^rJQiianlity, 
and its Square Root muil be exprefled by prefixing the iiadica) 

Sign to it, thws y/ d d d d '^d dy ^- yy* 

VVcfliall h'lcewifefind that — p p P p ^ PPj-^yy »s a Surd 
Quantity, and to extract its Squ r Root, is o nly to prefix to it 

the Radical Sign, thus v/-^ pppp-f-^PPy + yy* 



or 
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Of Surd Quantities. 

THESE are Tuch Quantities whole Roots cannot be 
exadly extra<5lc<l, and as they arifc in the Refolutton of 
Algebraic Queftions, we (hall explain fo much of •hem only, 
as is necelTary to the prefent Defign. 

Addition of i^urd Sluantities^ in which there are 

two Cafes. 

35. Cafe I. When the Quantities under the Radical Signs are 
alike, add the rational Quantities, or thofe which are without 
the Radical Sign together, by the Rules of Addition at Art, 
i» 2, 3, 4, 5, 6, and to thi3 join the Surd Quantities, and 
this will be the Sum required. 

And if there appears to be no rational Quantities without the 
Radical Sign, then Vnttyy or i, is always fuppofed to be the 
xational Quantity. 

Exam, I. Exam^ 2. Exa m, 3^ Exam, 4, 

M d^ am ^dy 4.mx/d4'a y^/TnT+i 

Sum2^<jm S\/dy lOm^d+a (>y^dm'^z. 

Exam, 1. There being no rational Quantities, therefore 
Unity, or i, is the rational Quantity to each. Now i added 
to 1 makes 2, to which joining the Surd m, we hav^ 
7. y/ am^ the Sum required. 

Exam. 2, The r^itioiia! Qiiantittes being 2 and i, their Sum 
is 3, to whiLh joining ^/ we have 3 ^ dy\ the Sum required. 

Exam. 3. The rational Quantities are 6 7n and 4 which 
bcmg added mak e ipm^ t o which joini ag the Su d yfli -J- « 
we have 10 m \/ dm + Cy the Sum required. 

Exam, 4. The rational Quantities are 5 y and y, which 
being addeJ ma ke 6 y, to which joining the Surd y/ w + « 
Wl> have 6 y ^ dm 2j the Sum required. 

Exam, 5 » Exam (k Exam, 7. 

To i^yd ^z^x ^5^\/£[±} ^jm^Ta^^ 
Add ^yd^z^x ^2^\/da + p —2m^/da-^y 
Sum i8_y^^a— .jp jzz^da-^p — gm^da-^y 

Exam, 5. The rational Quantities i^yd and ^yd bein^ 
added make 18 y d^ to wh ich joining the Surd Quantity y/ z^x 
we have i^y d ^ z-^ the Sum required, 

I Exam, 
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Exam. 6. The rational Quantities 15 as and —-3 s; being 
added, their Suni by. Art* 3 > is 12 to which joining the Surd 

^ da -\- p we have i2Zy/<^tf-|-^, the Sum required. 

Exam, 7. I lic rational Quantities — • 7 iw and — 2 m being 

added make — qm^ to which joining ^da — we hav« 

9 m y/^tf the Sum required. 

To ^zy^pi-i^rj — i^m\^ da — xp i6dp\^ \^-\-p 
Add — 3yv/»i<7-(-»i fm^i/da — %p —\*idpy/\\-\-p 

Sum — 5>'^/n<3 4-/w —'6m^ da — %p ^dp'^ i\^p 

To /^y^zd—za Sy^^P + * fz^ma^d 

Add '^y^ %d — za ^^^y^mp-^-x — 8 %^ m a — ^ 

ZyxmTy^zd — za ys/^p-^r* — Zy/ma — d 

36. Cafe 2' When the Letters under the Radical Sign are 
different^ then phice them down one after the other with the 
fame Signs they have in the Qucftion, in the Manner as at 
Art. 6. and this will be the Sum required. 

Exam, If Exam, a. Exam, 3. 

To ^/ a b-^-m myydci-^y 
Add ^/ b yd -i- y iWy/z 

Sum/a+V'^ V ^ + + my/da y : m^z 

Exam, J, The Letters under the radical Signs being different 
put down v/tf, then becaufe y/ b has the Sign -[-5 therefore after 
^ a put +, after which put and %ya+^h^ is the 
Sum required. 

• Exam. 2. The Letters under the radical Signs being different 
put down yy b m: after which place two Dots to Ihow that 
Surd goes no farther, then becaufe \/ d '■\- y has the Sign +, 
therefore after the Quantity 0J b m\ put and after that 

the Suid ^/ d -\- y^ and we have ^b : -J- the 

Sum lequiicd. 

Exam. 3. The Letters under the radical Signs being different 
put down m d a y \ 2Ln6. becaufe the Quantity m y/ z has 
the Sign therefore after m da -^^y \ put the Sign -K after 

which put tl e Qtiantity z» y/ »> ^d we have ^tf 
4- w V ss> the Sujn required. 

Exam*, 
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Exam, 4. Exam, 5. 

To y^da ^^^da — y 

Add — 2 . / ^ 



2, 7n 



Sum — z>^w — 5 v/</a— — i 



n 



si d% — b 



^A-tfm, 4. The Letters under the radical Signs being different 
put down da.TiXMS bccaufe m has the Sign — , there- 

fore after J put the Sign*^» and after that the Quantity 

%\/ and y ^ da — %y/m is the SuiA required. 

Exam, 5. The Letters u nder the Radical Signs being different 
put down — 5 V -^jr ; and becaufe — 2 jw ^ %m has the 
Sign — , therefore after— 5 ^^4? — )^ : put the Sign and 

after that the Quantity 2 m 2. and — S \/ ^ ^ — y : 
*— 2 ;w zm h the Sum required. 

Exam, 6. Becau(e the Letters under the radical Si^ns are 
different I put down — 2 w ^b a + », h ut i^y^ dz 
having the Sign +, therefore after — 2 /» y/ ^ z +^ : pu t the 
Sign +> and afte r that the Quantity Sy^/dz — ^ ; and 
^^^v/^^ + '': + 3y ^ dz-^b is the Sum required. 

'^^ —5 s/ da my/ bma 

Sum — 5 ^ii i^ 4- 7 v/w m y/i^ + 3 y/^^ 4- q 

Add 7^g^^ 

Sum — :^y^p 4- r :-f ^d 14 »i ^ da-^fz : +7 V 

To — 5)'\/^/>— 2; 
Add 7 y/ 2: 7n 4- (7 



Sum — 5;^/^;^ • + /Jv' ^^r+a 

I ^ Subjira^lcn 
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SubJlraSiwn of Surd Sluarititlesj in w Vich there are 

two Cafes. 

37. Cafe I. When the Letters under the Radical Signs arc 
cTtke^ fubfira^l the rational Quantities from the rational Quan-> 
cities by Art. 7. and to the Difference join the Surd Quantities, 
which will be the Remainder required. 

Exam. I. Exam, 2, Exam* Exam. 4^ 

From 5\/(Ja ^m^/mz 147 ^/^"h^i 21 pm^y db — r 

Subftra<£^ 3v/<^^ iniy/mz y/^ +z jqpmx/db — f 

Remains 2 Z^s/jnz iiy^d-\-% zfm^dh^r 

Exam. !. The rational Quantities are 5 and 3, fubftra£ilng 
3 from 5 there remains 2, to which joining the Surd ^ d avi^ 

have 2 ^ da^ the Remainder required. 

ILxam. 2. The rational Qj^iantitics arc 5 m and 2 m^ fubftra^* 
ing 2 rn from 5 m there remains 3 m, to which joining the Surd 
^wzwe have 3w^wz, the Remainder required. 

Exam, 3. The rational Quantities ate 14 v and 3 j» fubftrac^:- 
ing 2y ffo"'^ there re^nains 1 1 v, to wlj.ch joining the Surd 
^^-|- a we- have liy^/d-f-Zy the Remam Jer required. 

Exam. 4, The rational Quantities are 21 p and lop m, 
fubftradting igpm from 21pm, there remains i p m^ to which 
joining the Surd ^ db^r we have 2pm ^ db--r^ the 
Remainder required. 



Exam. 5. 

From i^d^yha 
Subttraa — 4£v/ ^ 
Remains 21 d^ba 



Ex am. 6. Exam . J. 

^lyy/ d\a m^T^ab 



Exam. $. The rational Quantities are ij d and — 4 
Now to fubftraa — 4^/ from 17 rf, by the Rule for Subftradion 
at Art. 7. change the Sign of — 4 or fuppofe it to be changed, 
then — 4^ becomes + 4^ or 4 then by Art. 7. if we add 
17^ to 4^ it is 21 d, which is the Remainder that arifes by 
fubdraaino; — 4^ from jyd\ now to this 2id join the Surd 
a/ hay and 2 id^ba is the Remainder required. 

Exam. 6. To fubftraa the rational Quantity^ 3 y from, 
— Sy* wemuftby An. 7. change or fuppofe the Sign of 3y 
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to be changed, which will make it — ^y- then by the fame 
Art, — 3 added to — 5^, it is — 8;^, which is the Remainder 
that ariles from fubftra^ling the rational Quantities, therefore 

to this — 8>' join the Surd Quantity ^/^ -r '■h ^^^^ — Sy^ d-^d 
is the Remainder requiied. 

Exam. 7. Here the rational Q^iantities are • — 5 m zpA — 6 my 
and by the Rule for SubflracStion Art. 7. if we fuppofe the Sicn 
of — 6 7/1 to be changed, it becomes + 6 /// or 6 and ihen 
adding — 5 m to 6 w it is w, the Remainder arifin?: from fub- 
ftr<i6ting the rational Qiiantities ; and if to this m we join the 

Surd ^d-^ab we havew the Remainder required. 



Exam, 8. 




Exam. 9. 


Exam. 10. 


From 2im^d + 


a 




lly^d — an 


Subftra6l qmiyd+ 


a 


— idK/mn -j- p 




Remains iim^d + 


a 


— y d^ mn-^-p 


^sy\/^ — ^« 


Exam. ir. 




Exam. 17, 


Exam* IT. 


From — 4<?^iri- 


-P 








'P 


— ^p\/d — V 




Remains — 6 y/w — 




^TpK/d^y 


— >ia^x-^y 


Exam, 14. 




Exam. I 


Exam, 16. 


From ya^ap 




21 jy/ ap — ax 


— l^^da — z 


Subftra^l 2 f2 s,/ a p 




" q \/ i*p — ^x 


y^da — j5 


Remains ^a^a^ 




12 ^ ap — ax 


— 21 ^da—A 



The Truth of thefe Operations are proved as in Sttbjlra<3ion 
of common Numbers. Thus at Example i. the Remainder is 
^syda^ and the Quantity fubftra^tcd was3Y/^^, now if 

we add thefe tos^ctlier by Art. 35. the Sum is 5 ^ da., which 
beino; the fime Calamity from which d a was fubitraulcd, 
it proves ihe Woik to be true. 

Again, at Example 6, the Remninder is — ^ d 4- « : the 

Quantity fubfti ided was 3yv/ ' i • Now by Art. -^5. if 

to — 8y^^-|-<iwe add 3y^^/-f-tf, the Sum is — 5^ ^/ d-{-a., 

winch being the Quantity fiom which 3 ^ <^ -|- <3 was fub- 
ftfa6led, it proves the VVuik to be true. 

3 38 Cafi 
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3$. Cafe 3. When the Letters under the radical Signs are 
^if^rent, fet them down one after the other, as at Art, 36. 
but in fetting them down take Care to change the Signs of thof^ 
Quantities that are to be fubftracled, by Art, 7. and this Will 
be the Remainder required. 

Exam, I* Exam, 2. Exam, 3, 

From *i^da Hmy/df 5>\/^ 

Subftra£ t 3 y y/z — 3 ^/ h 

Kemains %nyda — 3 ^/ m im^dp — y z 5>'v/^+3v/^ 

Exam. I. The Letters under the radical Signs being different 
place down i^yda^ and becaufe 3 the Quantity to be 
fubftraded has the Sign therefore after 7. d a place 
the Sign — , and atter that the Quantity 3 ^> 
2 \/ d a ^ 2 \/ ^ Remainder required. 

Exam, 2. Becaufe the Letters under the radical Signs are 
^tffereru put down i m ^ d />, and becaufe^ the C^antity 
to be Itjbfii ricl:ed has the Sign -j-, therefore after 2 
put the Sign — , and a^ter thatj^^/^J andzWy/^^ — Jv/» 
is the Remainder required. 

Exam. 3. Becaufe the Letters under the radical Signs, are 
different put down 5 v^/^, but as — 3\/^ the Quantity to 
be fubftradled has the Sign — , therefore after sy\/^ put the 
Sign+, and after that 3v/i>, and Sy \/ ^ 'i' Z\/ ^ 
Remainder required. 

Exam. 4.. Exam. 5. 

From my/da-^-p ^Syy/^ 
Subftraa 2 ^/tf ______ —d^b 

Kemaini) viy/ da ^ : — 2 ^ a — S^'v/^-J-"'/^^ 

Exam. 6. 

From 5 rn a 
Subftraa — gx//> + y 
Remains 5 m^a + z^p + q 

Exam, 4. Becaufe the Letters under the radical Signs are 
different put down m^ da + py but as 2 ^a the Qiiantity t6 
be fubftra^ed has the Sign -J-, therefore after m.,/ da +p put 

the SU-rn — , and after that 2^ a, mil ffiy/^^tf-|"/'""2\/^ 
is the Remainder required. 

Exam. 
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^Exam. 5. Becaufe the Letters under the radical Signs are 
<!ifFerent put down — 5 y s/ ^% hut as — di^ h the Quantity to 
be fubftraded has the Sign — , therefore after — Sy \/'^ the 
Sign^-, and after that ^/v^^, and — Sy >/ ^ + ^ '^^ the 
Remainder required. 

Exam, 6. Becaufe the Letters under the radical Signs arc 
diReiLnC put down 5 m^Oy but zs^z^J -\-q has the Siga 
— beiore it, the refore after 5 m^a puttheSign and after 

that z^p + and sm^/a + z -j- ^ is the Remainder 
required. 

From 5v/^+^ m^p 

Subftraa m —7 .JT^p 

Remains 5 v/tf-|-^:—»i^jf m^p-^y^7^ZZf 
From 3av<7+7 — S»v/dftf 

Remains 3«v/^ + />: — 2;z^^;r — i v^^^^^I+"^^^ 
From — 5 v/TT^" 14 y /^tf 

Subftraa 3gv/wi 7 \/7T7 

The Truth of tb-fe Operations are proved in the fame Man- 
ner a. ,n the laft Article, by adding the Remainder to the 
Q-ant.ty that was lubftracled j and if their Sum makes the 
yiiarKity from which the other was taken, the Work is true 
if not, there is a Miftake. » 
Thusac^A-.;;/.//, r. the Remainder is ^^da^i^ /m 
I o which if we add the Quantity ? ^ 
fubftraaed J 3\/'''2 

The Sum is 2 ^ ^tf, the fame in ~ " 

th€ given Example. For in this 2^^^ 
Addition, adding + 3 \/ to ^ 3 ^ the Co-efHcients and 
Quantities bemg the fame and the Signs contrary, they deftrov 
one another, or the Sum is nothing, by Art 5 ^ ^ ^ 
H^^n^tExampii 5 the Remainder is 5 y^a4-d^k 
To which if we add the Quantity ? « • 

fubftraaed ^ \ d y/ h 

The Sum U^Sy\/a, the fame * 

as m the given Example. For here — 5\/<» 

-^v/^being add€4 iod^box ^d^h, they deftroy on« 

another 
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another as in the Jaft Inftance. In like Manner the Reader 
may prove any of the other Examples. 

Multiplication of Surd ^antities, in which there 

are two Cafes ^ 

^ 39. Caje !• When there are no rational Quantities but Unity 
joined to the Surd Quantities, then multiply the Surd Quantitice, 
as in Multiplication of rational Quantities, but to their Produ£t 
prefix the radical Sign« 

Exam^ r. Exanu 2. Exam. 3, Exam.i^*, 

KluUiply ^ a ^ mn \/ p y 



Produdt ^am ^mnd \/Py^ ^zxa 

Exam, I . Multiplying n by the Product is a «, to which 
prefixing the Sign we have ^amthe Product required. 

Exam. 2. Multiplying mnhyd^ the Produ(fl U m n d, to 
which prefixing the Sign we have ^ mndy the Produ(^ 
required. 

Exam* 3. Multiplying by «, the Product is z, to 
which prefixing the Sign y/, we have ^ py^9 the Produ^l 
required. * 

Exam, 4. Multiplying x x by a^ the Product is z x fo 
which prefixing the Sign y/, we hare ^ zx a^ the Produ(^ 
required. 

Exam* 5* Exam, 6« 

Multiply \/^y 
By y/% s/x 



PfOdu<^ ^ ^ a t, \/ ^y X 

Exam. 7. Exam, 8, 

Multiply + ^ ^ mn—~z 

By y/y \/a 



Produd s/^y-^y^ ^mna — az 

Exam. 7. MuliipIyLng a If by yy the Piodua is a v 4- y 
by Alt. 10. to which prefixing the Sign aiiJ d rawing it 

over ali the Quamities, we have y/ 4- > the Product 
4e^uited« 

Exam^ 
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£xam*S* Multiplying mn — z by a the Produift hmna 
*^aZyhy Art* lO and i6. to which prefixing the radical Sign 

as in the lafl Example, we h^ive ^ mna^ax the Pjrodu^ 
required. 

Exitm. 9. Exam. i6* Exam, ix« . 

Multiply v/^i>4-^ v/flz — y/JIZy 

s/^ s/p 



Produdl s/^py-^y^ y/azTn-^afm \/dp — py 

Exam. 9 . M ul ti ply mgap '\-z by y, the Prod m^\s a py''\- yz^ 

to which prefixing the radical Sign, we have ^ opy -(-y z the 
Produft required. 

10* Multiplying z by /!«, the Produdl is <7z« 
^ a p m, to w hich prefixing the radical Sign, we have 

yy azm^apm the Produft required. 

Exam. II, Multiplying^/ — y hyp^ the Prod u£l is ^p—py, 

to which prefixing the radical Sign, wch*ivc^^^ — py the 
Produdl required. 

Multiply yah y/ gy ^ ^tfJZIi 

-y/^— P \/^+y x/^ 



Produ£^ .^tf^^-^i}^^ y%yd^%yy ^apd-^d 

Multiply v^TjnpT" Vlf2_ Vf 



Produ£l tj apm -^-zm ^uyd — dyz ^' ma — mpy 

40. Cafe 2. When there are rational Quantities joined to the 
Stirds, then multiply the rational Quantities together as in Mul- 
tiplication of rational Quantities, after which multiply the Surd 
Quantities together by the laft ArikUy and joining thefe two 
Products, this will be the Produ^ required. 

If there are no rational Quantities prefixt, then Vnityy or i, 
is always fuppofed to be the rational Quantity, 

Exam* I, Exam* 2. Exam. 3. Exam. 4, 

Multiply aps/z Z\/mn y/ mp 

Produ^ ads/my %ap^za "^a^mnp y^mpd 
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Exsm. I, Multiplying the rational Quantities a and th« 
Produ6l is a dy and multiplying the Surds hy ^ 

ProduiSt \i ^ m y by Art. 39, joining this to the rational 
Qijiantity a we have a d m the Product required. 

Exam, 2, Multiplying the rational Qiiantities a p by 2^ the 
Produ<^ is lap^ and multiplying the Surds %/ % by ^ the 
Produft is 4J xahy Art. 39. joining thele^ an*! % a p zfii^ 
the Produd required. 

Exam. 3. Multiplying the rational Quantities 3 . and a, the 
Produd is 3 <7, and multiplymg the Surds ^ mn by y/ p^ the 
Product is sytnn /», by Art. 39. joining thcfe we have 
3 / « the Produ^ required. 

Exam. 4. Multiplying the rational Quantities y and i, (for I 
is the ratiotial Qiiantity of mp, there being no rational Quan- 
tity prefixt) the Product is;', and muitipiying the Surds y/rnp 
by ^ (I, the Product is ^ ?n p d by Art. 39, and joining thel'e 
we have y y/ mpd^ the Produ<ii required. 

Exam. 5. Exa?n. 6. Exam, 7, Exam, 8. 

Multiply am^/p ys/Pi 7ny/'ip 10^^%% 
By z^d d^/% 4.Vv/'y 3^v/4y 



Pro6u6k a/nz^pd yd^pq% ^my^yzpy dady/ixs^y 

Exam. 5. The Product of the rational Quantities is a mz, 
3nd the Product of the Surds is *J p dy thefe bcmgjoined we have 
amx, y/ p dy tiic Produdt required. 

Exam, 6. The ProdutS of the rational Quantities isy^, and 
the Produ£l of the Surds is \/ p qzy thcfe being joined we 
havejr d^ p g the Product required. 

Exam. 7. The Produ£^ of the rational Quantities is 4 my, 
and the Product of the Surds Is ^ 2 py, thefc being joined we 
have 4 my / ^ py^ the Produdi required. 

Exirn. 8. riic Produift of the rational Quantities is dady 
and the Produ^of the Surds is ^ 12 zy, thefe being joined jve 
have 6 i? i 12 zy, the Produd required. 

Exam, Exam. lO* Eicam, 11, Exam, 12. 

Multiply jf^^ y/mn 2^dx Z\/^^ 

By ^H-^- ^\/y \/g 5v/7.y 

Produft ya^pz ay/mny 2^dxz i5\/i4y» 
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Exam, 13. Exam. 14. Exam, 15. 

Multiply m v/"^T>' d^m-^pz a^ap-^% 

By a^p y\/^ 



Produa ma^ap-^py dy^md^pzd ax^apy+yz 

Exam,J2* Multiplying the rational Quantities m and the 
Product is ma, and iiuiltipiying ^ -f- v by p, the Produ£^ is ap 
+ pyy but prefix ing to th is the i^ign ^, becaufe they arc 
Surds, we have ^ap -{-py for the Produ£i of the Surds, which 
joinine to v ? the Produ£i of the rational Quantities, we hav/C 
ma^/ ap-^pyy the Prod u<a required. 

Exam, I ^. Multiplying the rational Quan tities d an dy, the 
Produa is dyy a nd muitipiyin g the Surds ^m — pzby^d^ 
the Produd is^/md — pxd, which being joine d to dy, iY lq 
Prf>du6l: of the rational Quantities, we have dy ^ md^pzdy 
the ProduO required. 

Exam^ 15. The Prodi^j^ of t he rational Q uantities is a Xy and 

the Produdl of the Surds is v^tf^y +y«, thefe being joined 
we have a x v/^TTT y ^> Produft required* 

Exam* 16. Exam, 17. 

Multiply am^py\d am-^y 

By yv/« ^ g y/ ^ 

Produa amyy/jy'zl\.zd za^amfw^py 

Exam, iB« 

Multiply m i ^pd 

By 0\/ d— a 



Produa ma^pdd^pda 

Exam. 16. The rational Quantities am:ir\^y bcin;^ muhi- 
plicJ, the Produa is a ffiy, and py 4- d being multiplied by z, 
the Produa is^yJ5 + a</; but betore it prefix the radical Sign^ 
becaufe thefe Quantities are Surds* then it is\/ />y s + 
]oin this to the Produft <J»iy» we have amy^pyz^zd^ 
Uc Frodua required, 

K % Exam. 
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Exam, 17. The Produ£fc of the rational Q^nn titles 2 an^ 

is 2 and the Produ^l of the Surds is ^ amp^pyi joinin|; 

thefe we have 2 a \/ a m p — p the Produd^ required. . 

E,\am. 18. The Product oi ihe rauonal QuaDttties and 
nma^ ajid/)i multiplied into — tf, hpdd — pila, to which 
prefix the radical Sign, becaufe thefe are Surds, and this becomes 

»s/ pdd — pda^ no w joining it to /» tf, wc have — pda^ • 

the Product required. 

Multiply /7v^^ — y 'l^m^n ^n^b 

By ibyj/rn S ^ 



Multiply 2 ^^3^4-2; y \/ P — 

By h>yd ^ %fn^a 

Piodud 2tf^v^3y</+^» ^ymy/ p U'^az 



Multiply S\/ y^x 

By Z^s/^h 

Divifion of Surd §uantities^ in which there are 

two Cafes. 

4T. Cafe I. When there are no rational Quantities joined 
with the Surd Quantities, reject all thofe Qi_jantities in the 
Dividend and Divifor ihat are alike, as at Art. 20. and fet 
down the Remainder, to which piciix the radical Sign, and . 
this Will be the Quotient fought* 



E.\Lim. I. Exam. 2, Exam, 3. Exam, 4. 
Divide mn \/ma ^abd " ^abd 

Quotient « d \/hd 



Exam, J. Bccnufe m is in both Dividend and Divifor, 
jrejedt it, and place down 7; the ronainincr Part of the Dividend, 
to which preiixing the radical Sign, and 0 is the Quotient 
required. 

Exam. 
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Exam. 2. Becaufe/7is in both Dividend and Divifor, rcjeS: 
it and place down m the remaining Part of the Dividend, 
to* which prefixing the radical Sign, we have ✓ the Quotient 

^^^£x^. 3. Bccaufc <iMs in both Dividend and Divifor, rejea 
It and place down d the remaining Part of the Dividend, to 
which prefixing the radical Sign, we have y^^, the Quotient 

^^Exam. 4. Becaufe a Is in both Dividend and Divifor, rejed 
it and place down ^ if the remaining Part of the Dividend, to 
which prefixing the radical Sign, we have ^ the Quotient 
required. 

Exam. 5, Exam; 6. Exam, 7. Exam. 8. 

Divide v'^^y V^*^ v'^z^ v^yp^ 

By vjL v/^- v^^^ :^L^ 

^Quotient ^md V ^ 

Exam. 5 Becaufe y is in both Dividend and Divifor, reje£t 
it, and place down md with the Sign ^ before it, and ^ md 
is' the Quotient required, . ^ , _ . . , , . n* V -a 

Exam, 6. Becaufe / d is in both Dividend and Divifor, rcje<a 
it, and place down -z. with the Sign ^ before it, and yj % '\% 
the Quotient required. aw c ^ 

Exam. -J. Becaufe z ^/ IS in both Dividend and Divifor, rejea 
it, and place down b with the Sign / before it, and we have 
•J bf the Quotient required. 

Exam. 8. Becaufe yp \s \n both Dividend and Divifor, rejea 
it, and place down a with the Sign / before it, and ^ a x% 
the Quotient required. 

Exam. 9. Exam. lO. Exam. li. 

Divide y/max s/ndy \/ ^ 
By v/^ y/^y . \/ ^ - 

Quotient y/ //t « V ^ s/ 

Exam^ 13* -^^-^w- 14- '5- 

Divide v^«+^ K/py—P^ ^hu^bm 
By ^/^y ^//» 

Quotient s/y-f' ^d^m 

Exam, 
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£xam* 13. If wc divide am-^-ap hv the Quotient is 
»J +/> by Art. 22. but bcc aufe they arc Surds, prefix the Sign 
y' to m and ^/ p is the Quotient required. 

^A-iJw. 14.. Dividing/);/ — « by ^, the Quotient is y — 
b y Art. 22 and 24. to which prefixing the Sign wc have 

y — the Quotient required. 

Exam. 15. Dividing d — h m by the Quotient is cf — /», 
by Art. 22 and 24. to which prctixiug the Sign y, wc have 
4^ d^m^ the Quotient required. 



Divide t,ybn'\-ba y/ mx^md y/^ uz^np 

By y/^ y/^^? ^ v/» 

Quotient v^» + tf y/x^^d y/ 



Divide y/siat — z;r \/kd^bm 

By y/g y/^ 

Quotient v^jf — V^</+jr — w 



The Truth of thcfe Operations arc proved by multiplying the 
Quotient by the Divifor, for if that produces the Dividend, the 
Work is true, otherwife it is erroneous. Thus in Example 2, 
Page 68. the Divifor is / and the Quotient is ^ which 
being multiplied by Art. 39. the Produd is 0J ma^ the givea 
Dividend* 

And at Example 6, Page 69. the Divifor is h and the 
Quotient is y/ which being multiph'ed by Art. 39. the Produd 
is ^/ ^ jz dy the given Dividend. 

And at Example 13, the Divifor is^tf, and the Qoottentis 

y/m -f / . v/hicb being multiplied by Art. 39. the Produd^ is 
^ am^ a the given Dividend j in the fame Manner may 
any of the other Examples be proved. 

42. Caji 1^ When there ;ire rational Quantities Joined with 
the Surds, divide the rational (^inntities by the rational Quan- 
tifies, ^v the Rules in Divil:o!i oi rational (^jantiiies 5 and to 
their Quotient, join the Quocicrt of the Sufds found by thelaft 
Article, which will be the Quotient lequircd. 



Exam, X. Exam. 2. Exam* 3. Exam, 4, 

Divide ayy/mn hm-\- yz y dy/aT: m a^ayti 

By -'s/^ m^z jy/g ^ 

Quotient y^/a h y/ y dy/% my/r. 
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'Exam, I. Dividing the rational Quantities ay by the 
Qaotient by Art. 20. and dividing y/'w" hy V the 
Quotient is y/» by Art. 41. now joining y to x/ we have 
y ^he Quotient required, 

Exom, 2, Dividing the rational (^antitics b m by m, the 
Quotient is B by Art. 20. and dividing v/y 2 by y/z, the 
Quotient is by Art 41 « now joining 6 and ^/y, we have 
^ Quotient required. 

3. Dividing the rational Qtjantities yd by 7, the 
Quotient is d by Art. 20. and dividing ^/ 6f z by ^/ a, the 
Quotient h y / z by Art. 41. now joining ^ and ^ wc 
have d^y %^ the (Quotient retjuircd. 

Exam. 4. Dividing the rational (^lantities tn a by ^7, the 
Quotient is ;;2 by Art. 20. and dividinir ^/ a y n by ^/ a the 
Ql^iotient is '^y Art. 41. now joining m and ^ «, wc 

have m ^ the Quotient required. 

Exam, 5. £jir<rm. 6. JJxtfOT, 7. 

Divide c>«y//n« mus^/xay xa^nd dz^anp 

Quoiient iw^/^ *v/^^ ^v^i' 

Exam. 5. Dividins: the rational Quantities ayn by fl>', tlie 
Quotient is n by Art. 20. and dividing ;n n by the 
Quotient is n by Art. 41. now joining n andy/^2, we have 
» y/ «♦ the Quotient required. 

Exam. 6. Dividing the rational Qiiantitles mn by «, the 
QiKjtiem is m by Art. 20. and dividing \/ xay by v/*J^> 
Quotient is y/^i by Art. 41, now joining m and^^tf^ wc 
have niyy the Quotient required. 

Exam. 7. Dividing the rational Quantities jif^i by ar, the 
Quotient is Xy and dividing ^ n d by ^ fty the Quotient is 
y/'dhy Art. 41. now joining x and ^ d^ we have a* ^i^ 
Quotient required. 
.Exam. 8. Dividing the rational Quantities dx by z, the 
Qttotient is dy and dividing ^/ /> by ^ ^ ?r, the Qiiotieut is 

by Art. 41. now joining d and \/ we iiave d ^ 
the Quotient required. 

Exam. 9. Exam. 10. Exam. ii. Exanu 12. 

Divide 4mny/ii^ m;'y/<i2 dn^/xy i^an^rd 
By %m^a . y y/ z n^/x ^a\/r 

Quotient 2»v/^ zA^/a //^/^ 2n^^ 



7^ ALGEBRA. 

Exam, ij. Exam. 14, Exam. 15. Exam. i6. 
Divide mx^pq 4an^rd xz^tnyp rm^dz 

Quotient 4«v^r T;/^ T^'^^T^ 

17. 18. 19* 

Divide mn^ap yps^zd^zm day^ym^yr 

Quotient « v^/> -f a? jr ^Th^^ 7v/^~+^ * 

Exam. 17. Dividing the rational Quanti ties mnh y m, the 
Quotient is n by A rt, 20> and dividing by^^, 
we havc^;)+.v by Art. 41. and joining n and P + ji^, 
we have -|- a% the Quotient requirt^d. 

^^<7W, 18. Dividing the rational' Qua ntities ^ by ^, the 
Qriotient is y by Art> 20. and dividing v/z7+"«« by 
the Quotient is y/ ^ -j- 1» by Art. 41. joining and ^d^m^ 
we have yv/ the Quotient required. 

Exam. 19. Dividing the rational Quantities dayhyda^ 
the Quotient is y by Art . 20. a nd dividing ^J^TT^ by 
\/y±J^ Quotient is \/m_^r by Art. 41. joining y and 
x/m-^-ty we hav e V ^/ w -|-r, the Qj^iotient required. Thc- 
iollowing Examples are done in the fame Manner. 



Divide 4aTiy/iiy^dn atty/pz^pS 6h rly ^/pm-^pd 
By ^QK/d a^ p ^ %bd\yp 

Qiioticnt %n^Y^n n^z^b 2y^^^^ 



Divide pn^dx-^db ilha^py^px anxy/pd^pm 
ly n^d Z^k/P ax^/p 

.Quotient /^y/A^ — ^ j^b^J^x ny/T^^^ 

The Truth of thefe Operations are proved likewlfe from 
multiplying the Quotient by the Diviibr, r.nd if that Produ^ 
makes the Dividend, the Work is true, if not^ there is a 
Miftake* Thus in 

Exam^ 
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Exam. I. The Q^joticnt isy^n^ and the Divifor i9a^ mi 
now multiplying y^^n by a^ym^ by Art. 40. firft mukiply 
therational Quantities y and tf, this Produd is ^y, and multt* 
plying n by ^ m> this Produd is ^ iti and joining this to 
ay wc have ay^mn the Pr lu^l, which being the fame as the 
given Dividend, proves the Work to be true. . 

And Exam* 5. the Divifor is ay^niy the Quotient is 
n^rty now multiplying ay y^m\>y n^n^ according to Art« 
40. we firft multiply the rational Qiiantities ay by n, and this 
Produ<ft is ayv ; then multiplying -/ »j by ^ tiy this ProdudJ: 
is 1/ mn^ and Joining this to ayri^ the Produ(5t is ayn ^ mn^ 
which being ,the fame with the given Dividend, the Woiic 
is true. 

And at Exam. 17. the Divifor is m ^ and the Quotient is 

« V^/> -H 2nd multiplying thefe by Art. 40. we firft multiply 
the rational Qusntities m and n together, and this Produ^J? m 

then multiplying ^6 by -j- ^1 *^is Produ^ is »J ap ax^ 
which being joined torn the Product itmn ^ ap -^axy the 
fame as the given Dividend ^ and fo may any of the other 
Kxamplei be proved. 

Involution of Surd ^anttttes*, 

43. Cafe I. When there are no rational Quantities joined 
with the Surds, it is only fetting the Qusntitiea down without 
their radical Sign, which raifes the given Root as high as is the 
Index of the radical Sign* 

- Exam* }. Exam* 2* Exam* 3. Exam, 4* 

RaifetotheSquare 7 ✓ > y 

orftcondPowerf^'' ^"^ 
The Square a , mn na b 

This being no more, according: to the Rule, but to fef down 
the (^jantities without their radical Sign, it is fo eaiy as not to 
want any farther Explanation. 

The Rea(bn on wmch the Operation is founded, is, that any 
Qjamity or Number bein^ niuhiplied by itfelf, will produce the 
Square of that Quantity or Number, thus 2x224, whence 
4 is the Square of 2, and a %a-:^ aa^ which is the Square of tf, 
and fo of ajiy other Quantity. Now fuppofing the Square Root 
of a was coi be extra^^ed, which by Art. 33. \%^a* But 
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as J Is the Root, and a was the Square from which that Root 
was extra^ed, hence a multiplied into ^ muft produce ay 
by what has been juft faid : Now ^/^ multiplied by ^ is 

aa by Art. 39. and as y/<J ^ fignifies the Square Root of aOy T 
which is ahy Art. 33. it follows, that to involve any Surd that ' 
has no rational Quantities joined with it, is only to let down 
the Quantities without their radical Sign, 

To find the Square orl> , 

fecondPowerof J V^''^ v/«^ 
The Sijuare ex nd p'r % 

And if there arc Ic' eral Quantities connected by the Signs 
or—, and are all under the radical Sign, they are mvolveU la 
the iame Manner. 



Raife to the fecond 1 ^ 

Power or Square 3 v/« + ^ ^an—d x/p + ny 
The Square a h an — d P + 

Raife to the fecond ) . . ,.„ ^ 

Power or Square ^ x/pd-^n ^dz'\-zy ^pm — nd 

The Square pd — n dz-^zy p/n — nd 

Ralfe to the 2d 1 _ 

Powcror Square J V^^+J'—^ V^am-^n+db ^pz+zx-^xd 
The Square a-\-y — d am — n-\-di^ pz-^-zx — xd 

44. Cafe 2. When th ere z:c rational QuantUics joined with 
the Surds> then involve the rational Qiiantities as hiah as is the 
Index of the Surd, and multiply thefe involved Quantities into 
the Surd Quantities, after the iuuical oi^a uken away. 

Exam, I. Exa?n. 2. Exam. 3. Exam, 4, 
R ai fe to the Square a ^ m h nz d ^/y - z ^ / h 
The Square aam bbnz ddy zzzzb 

Ex. I. The rational Quantity a fquarcd Is by Art. 31. a a 
The Surd Quantity beingputdown } 

without the radical Sign is j — ^ — w 

Thefe being multiplied, the Produdl is the Square required aam 

Exam* 
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Ex* 2. The rational Quantity h (quared is by Art* 31* ^ ^ 
The Surd Quantity ^/^z without the radical Sign is nz 

Thefe multiplied, the Protlud is the Square required ^ tnz 

Exam, 3. The rational Quantity J fquarcd Is - dd 
The Surd Quantity without the radical Sign is y 

Thefe multiplied^ the Frodui^ is the Square required d djf 

Exam, ^, The rational Quantity 2 z fquared is zzzvi 
The Surd Quantity y/ b without the radical Sign is b 

Thefe multiplied, the Prod u^ is the Square required zzzzh 

Exam, 5. Exam* 6. Exam^ 7* Exam, S» 

R-ifc to the? Square an^p dz^yx Ps,/xy d a z. 
Thc^^uaic aannp ddz-x^yx ppxy ddaaz 

Exam, 5. 'Tlic rational Quiiiitit'/ uk iquaiLcl is aann 
The oaiu Quantity \/ p without the radical Sign is p 

Thefe multiplied, the Produd is the Square required aannp 

E.\a?7i. 6. I he rational Quantity dz fquared Is ddzz 
The Surd Quantity ^7 x without the radical Sign is yx 

Thefe multiplied, the Product is the Square required ddzzyx 

7. The rational Quantity ^ (quared is - pp 
The Surd Quantity \/xy without the radical Sign is xy 

Thefe multiplied, the Produ6l is the Square required[ ppxy 

Exam, 8. The rational Quantity da (quared is ddaa 
The Surd Quantity x without the radical Sign Is z 

Thefe multiplied, the Produdi is the Square required ddaaz 

Raife to the Square m^ypz mn^d a^rd py\/m 
The Square mmpz . mmnnd aard ppyym 

Raife to the Square x^pd xn^a z^px c-z^d 
The Square xxpd xxnna %zp x aazzd 

.And if there are more Quantities than one under the radical 
Sign, connefted with the Signs or — , then after the rational 
Quantities are involved, or raifed as high as is the Index of the 

L ^ Surd 3 
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Surd ; place thcfc under the radical Quantities, without their 
Sign, then multiply them by the Rule of Multiplication at 
Art. 10. ^c. and this will be the Square required. 

Exam> I. Exam, 2. Exam. 3. 



Raife to the Square a ^ 7ti -\~y h ^ d -{•z m 'l — x 
The Square is aam\aaif hhd'^hb% mmsi^mmx 



Exam. I. The Surd Quantity s/m-^yl ^ . + ¥ 

without the radical Sign is i ~^ 

The rational Quantity a fquared is - - 

Thefe being multiplied according to Art. 10. 1 aamA-aay 

the Product is the Square required | ~ / 

Exam, 1. The Surd Quantity -j^zl ^ ^ rf-Ua 

without the radical Sign is 5 * 
The rational Quantity ^ Squared is - 
Thefe multiplied, the Prod, is the Square required kbd-^b^z 



Exam. 3. The Surd Quantity — x\ ^ ^ 

without the radical Sign is 3 
The rational Quantity m fquared is - mm 

Theie multiplied, the Pioduct is the ) _ mmz mmx 

Square required. 5 

Exam. 4. Exam. 5. Exam, 6. 



Raife to the Sqqare z^a + n x^b-^d d ^ z y 
The Square zza^^-zzn xxb — xxd dd^'\-ddy 



Exam. 4. The Surd Quantity y/^ + ^^1. * 

without the radical Sign is j " 

The rational Quantity % fquared is ^ zz 

Thefe multiplied, the Produft is the ) ^ zzaA-zzn 
Square required S 



JE'-y^^tt. 5. The Surd Qiiantity^^ — dV _ ^ ^ ^ 

without the radical Sign is J 
The rational Quantity .*' fquared is • ■• 

Thefe multiplied, the Product is the 7 ^ ^ ^ 

Square required X - 

• * Exam^ 
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Exam* 6. The Surd Quantity + > I _ ^ . 

without the radical Sign is J * ^ 
The rational Quantity ^ fquared is - dd 

Thcfe multiplied, the Product is the } . , a^aa 

Square required 3 " «^»-r«0 

Raife to the Square y \/ a — n n ^ a ^ d d ^ p ^ 

The Square yya — yyn nna-^-nnd ddp^ddz, 



Raife to the Square e \/ p — r dy^e+y % ^ n y 

The Square eep — eer dde-^ddy zzn zzy 

45. Cafe 3. But if there are rational Quantities conne£led 
with the Surd Quantities by the Signs -f or- — , they are in- 
volved in the fame Manner as compound Quantities, at Art. -22* 
carefully obferving the Dire£^ions concerning the Multiplil 
cation of Surd Quantities, at An. 40. and their Involution at 
Art. 43. 

To raife to the Square or fecond Power - ^ ^ ^ 
Putting down again the fame Quantity - ^ + 

Now multiply a + ^B by a, and a multi- v ~ ~ 
plied by the Produdl is a, and ^/ h main- / 
plied by the Produ£l is a^/ by Art. 40. 
therefore i7 4" v/ ^ multiplied by a is 3 

Then multiply a + by^//', and a muU>. 
tiplied by y/^, the Prod, is a ^ h by Ai r. 40. } 
and^/* multip. by ^ ^ Prod. is'Z-, by Art. r - ^\/^-\-h 
43. whence a ^ h niultipKed by ^/^ is ' 

The Sum \^ a a % a ^ b \ h 'Aox a h 1 
ad led to a ^bis2a^/ b, by Aft. 35. whence f tftf + 2<?4/^ J- ^ 
the Square of ^ + is j * 

To raife to the Square or fecond Power - ^ ^ 

Putting down again the fame Quantity - ^ + ^ z 
The Product from multiplying </-f. by dy \ , , ' 

by what is mentioned in the Jaft Example is J ^^-^-d^z 
The Produdt from multiplying d ^ zhy \ 

v/z, by what is mentioned in the Jaft Example is J ^ v/^ + « 

The Sum added as in the laft Example is 7 . . , . ^ 
the Square of + l^<^-t^d^z + z 

To 
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To raife to the Square or (econd Power - x^^a 
Putting down again the fame Quantity • *x—^a 

The Prod, from muhiplying x — ^ iihy for \ 
9t multiplied by jf, the Prod, is ^f**, and — v/ { / 
multiplied by the Prod, is — a- ^tf, by Art. ^""^ * ^\/^ 
40. the Signs of — 4^ a and *• being different J 

The Produdl from multiplying x — y / a by •> 
— V^^, for A" multiplied by — v/'*> Prudu6t I 
is — X the Signs being unlike, but — ^ a > — x^a-^a 
multiplied by — v/'*> ^^^'^ Signs being alik-C, the I 
Ffodu6l is or by Art. 39 and 43^ J 

Their Sum is the Square x—^ya 9t x^zxy/ a-^-a 

To raife to the Square or fecond Power - y — \/x 
Putting down again the fame Quantity - y — x 

The Product from multiplying y — v/jif by y, j > 

i^ont what is mentioned in the laft Example is > y V ^ 

The Produdt from multiplying y — \/^^y\^ / 1 
from what is faid in the laft Example is ' x ^ x 



Tiicii Sum is the Square oi y^y/x " y y^2y ^ x -{^x 

To raife to the Square or fecond Power - h \/xa 
Putting down the fame Quantity - b + ^ xa 

Multiplying ^ + by ^ we have - bb-\-hyy xa 

Multiplying b -^^ ^ x ahy ^ x a vi^ hav e b^xa -{-xa 

The Sum being the Square of^-("v/^^> bb-^^zby^ xa-^-xa 

To raife to the Square or fecond Power - vi\ y/ d% 
Putting down the fame Quantity - - /n -j-x/^z 

Miiliiplying ;?? 4- \/ ^ ^ by w we have - /// m m ^/ d % 
Multiplying m ^-^Z d -l hy y/ d z h ave m ^ d%-\- d%, 

TbeSiua being the Square of w + y/i/zj m /n-^-zm^dz+ilsi 

To raife to the Square or fecond Power - z — y/Jn 
Putting down the fame Quantity - z — \/d n 

zz — z^y dn 
— Zy/dn-^dn 



The Square of z — x/^^ - j.^^ dn^dn 

4 To 
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To raifc to the Square or fecond Power - # — v/^ a 
Putting down again the fame Quantity • p — ^yz 

—py/y%'^y% 



The Square of ^—.y/jTZ * pp — ^p^yz^yx 



Of E QJJ A T I O N S. 

HAVING thus copioufly explained all the Rules neccflaiy 
to be known, in order to the Solution of Queftions, we 
come now to their Ufe and Application in the Redu6lion of 
Equations, or the Method by which Problems are folved, and 
Queftions anfwered. 

When any Prolilem or Queftion is ppopofcd to be anfwered 
Algebraically y for the feveral Numbers that are in the Queftkm 
we generally put Letters, reprefenting likewife the Numbcis 
which are to be found by Letters, and for Diftinaion Sake uie 
the Vow eh for the unknown Numbers, or thofe that are to be 
found, and ConfonemU for thofe that are known, or <^iven. 

Then we begin to exprefs all the Conditions of the Queilioflu 
by ranging and conneifting the Letters, by Help of the fore- 
going Signs, in fuch a Manner that they lhall reprefent all the 
Circumfhnces of the Queftion, this being only to tranllate the 
Q^ueftion from Englijh into Algebra, 

Thus if the Fro^»ofiiion, that 6 being added to 5, the Sura 1$ 
cqu.al to II, was to be exprefled in Algebra. 

Now fuppofe ^ = 6, d^^^ m^ii. 

Then the above Propofition will be exprefled thus, h + d=i m. 

And when any Letters or Numbers are fo conneaed that 
between any of jhcm there appears this Sign it is called an 
Equation, for the; Sign = fignifies Equality or Equation, and 
in the due ordering and managing thefe Equations conlilis the 
Whole of tX^tAmlytic Science, or Algchra, 

Equations confitt of Quantities or Letters, Tome known, and 
others unknown, and the grand Work .s fo tomannpe the Equa- 
tions, that exprefs What is given in the Quefliun, by the Ruks 

1 a/*"^^^^"^ Science, that all the known Quantities may 
at laft be found on one Side or the Equation, and the unknown 
Quantity by itfelf on the otiier of the Equation : For when 
this IS done, the Equation is brouuht to a Solution, and the 
Queftion IS anfwered. 

And 
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And that Part of Algebra which teaches how to manage tWc 
Quantities, fo as to carry all the known Quantities on one Side, 
leaving the unknown Quantity by itfeU on the other Side <jf 
the Equation, is called the Redudion of Equatiom^ which is done 
by Addition^ SuhJIra^/ion, MidtipUcatlony Dhijktty Involution^ 
and Evolution^ according as the Cafe requires* 

^0 reduce an Equation by Addition^ or SuhfiraShn. 

46. "XT THEN any known Quantities arc on the fame Side 
VV of Equation with the unknown Quantity, and 
conne<S^ed by the Signs + or — , to reduce fuch an Equation is 

only to iranfpofe or place the known ^anthies on the other Side 
of the Equation^ or Sign of Equaliiy, prefixing to them their 
contrary Sign, that is, thofe ^antities which have the Sign -|-, 
cfter they are tranfpofed mufihave the Sign and thofe which 
have the Sign — muji have the Sign -J-. 

Qiieftion i. To find that Number to which 6 being added^ and 
fuhjiraalng from this Sum, the Refttoinder may be equal to ii* 

Now fuppofe iz=s the Number fought, 6,</=: 15,/^= ii» 

Then I am to find a Number, which call i 
To which 6or b being added, it is by Art. 6. 2 
From which Sum 15 or d \s to be fub- 
ftraaed, that is, to ^ + ^ connca d by 
• the Sign — , then it is 
Which .7 4- ^ — 4^ is to be equal to 11 or I 
that is 

Now to reduce this Equation, or to an- 

fwer the Queftion, I obferve d^ a known 

Quantity, is on the fame Side of the 

Equation with the unknown Quantity 

tf, therefore tranfpofe that is, write y 

down the remaining Part of that Side of 

the Equation without d^ and place it on 

the other Side with the Sign +, it hav- 
ing before the Sign — , then we have 
Again ^ is a known Quantity on the fame-\ 

Side of the Equation with a, then by ( 

taking it away from that Side of the ( 

Equation, and placing iton the other Side J 

with the contrary Sign, or—, we have 



a 



a b — d 



a n: m-^'d^t 



Here 



To reduce an Equation, Ci^c. 8i 

Here the QueAton is folved, for the unknown Number 6r 
Quantity a, is equal to the Number reprefented by w, added to 
the Number reprefented by dy from which Sum fubftrading the 
Number reprefented by 

1 1 reprefented by m 

15 rep refented by d 

26 Sum of the Numbers reprefented by m and d 

6 reprefented by to be fubftra£led 



Remains 20 which is or the Number fought. 

And that this is the Number required, is thus proved, from 
the Conditions of the Queftion* 

I fay the Number /ought is — — 20 

For if to this is added — « 5 

I'he Sum i? — * • — 26 

From which fubftra6^ing ^ — 15 

There remains as the Queilion required — < 11 

Queftion 2. A Alan being ajhed how many Shillings he had^ 
faid^ if you add 15 to their Number' y and then jubjira^ 20 from 
that Suruy and then add ig to the Remainder j I Jhall have 64 
^hillings* How manjf Shillings had he ? 

Let a = the Number of Shillings fought, h =. 15, d z=. 20, 
m I9> n zz 64. 

Then, A Man had a certain Number | 

of Shillings, which call j 
To which 1 5 or being added we have, \ 

by Art. 6. f 
From which Sum taking away 20 or dy -i 

that is, conne6l d by the Sign — f 
To which adding 19 or /» we have, by | 

Art. 6. j 
Which a -\- b — i + OTistobe equal \ 

to 64 or w, hence ' J 
Now to reduce this Equation, or an- "I 

fwer the Queftion: I begin with I 

tranTpofing ?n a known Quantity, by } 

putting down the remaining Part of V 

that Side of the Equation, and placing 

m on the other Side with the con- 
trary Sign, which gives 

M 



3 



And 
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AnJ to tranfpore d another known *^ i 
(>iantirv, put clown the remaining [ 
Part of that Side of the Equation, and V 
on the other Side with a contrary \ 
Sicrn, whence wc have 

And iafily, by tranfpofing that is, 
placing it on the other Side of the 
Eqaation with a contrary Sign^ we 
have 



8 



That is, if from the Number reprefetited by n we fubftra£i 
that reprefented by friy and to the Remainder add the Number 
leprefented by and from this Sum fubftra£l the Number re- 
prefented by by the Remainder will be the Number fought. 

64 reprefented by n 

iq reprefented by to be fubflraded 

45 or — m 

20 reprefented by dy to be added 

65 or ;i — m d 

1 5 reprefented by by to be fubftradJcd 

50 the Number fought or a ; and therefore the Man 
had 50 J. at 6rft, which is thus proved, from the Conditions of 
the Queftion. 



I fay he had at firH: ^ 
For if to them y©u add — 

And from that Sum fubftrad — 

And then add to the Remainder 

It makes wIul the Queftion requires 



50 s, 

65 
20 

45 
19 



- 64 



Queftion 3. J Countryman ajked Another how marty Eggs he 
hady f^ljy^ fays hey if you fubftraH from their Number, and 
then addl\ to thofe that are left^ and fubpatt 7 from that Sum, 
but if you add ig f9 what is then left I fhail have 43 Eggs. 
Hcjo many Eggs had he f 



Let 



4 



To reduce an Equation, &c. 83 

Let a — the Number of Eggs, ^=15, d zz 21, % ==i 7, 
»= 19, = 43, 



Now the Countryman had a Num- 1 
bcr of Eggs, which call - 3 

From which 15 or ^ being fub- j 
fIraCiedy or connecting b by the i 
Sign — , wc have - - J 

To which 42 — ^, if we add 21 or ) 
wc have by Art. 6.-3 

From which Sum fubftra(9ing j, 1 
or connecting m by the Sign — j 

To which adding 1 9 or «, we have ) 
by Art. 6. J 

And this a — b-^ d — m + « is to 7 
be equal to 43 or ^, hence \ 

Now to reduce this Equation, or 
anifwer the Qucftion, I begin 
with tranfpofing by putting 
down the remaining Part of that 
Side of the Equation, and n on 
the other Side with its contrary 
Sign, then - 

Now^ranfpofe w, by putting down '\ 
the remaining Part of that Side f 
of the Equation, and m on the \ 
other Side with its contrary Sign, I 
and wc have - - J 

Then tranfpofc <-/, by putting down ") 
the remaining Part of that Side / 
of the Equation, and d on the V 
other Side with its contrary Sign, 1 
then 

Laftly, tranrpofe by puttinc^ 
down the remaining Part of 
that Side of the Equatum, and 
bon the other Side wiili its con- 
trary Sign, aiiti it is 



J 



— ^ 



3 

4 

5 
6 a 



-^b^d 
— ^ + d^m 

— b'\rd^m 4- nz=zp 



r — b-^-'d^m:^p — » 



a — b'\-d::^p — m 



— «-|-»2 — d 



10 



llciiLz J, the unknown Q^iantity or Number of E?^s, is 
equal to the Number leprcferued by />, fubiiradV;ng from it the 
Number reprefented by n. adding to this Remainder the Number 
reprefented by fu bit. acting from this Sum the Number 

M 2, reprckni^d 
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repr^fented by and adding to the Remainder the Number 
reprefented by 



43 reprefented by p 

I Q reprefented by . to be fubftraiSled 

24 or/> — n 

7 reprefented by to be added 



31 OT p — n -\- 7n 

21 reprefented by to be fubftraded 

10 or^-— « ^ 

15 reprefented by ^» to be added 



25 the Number fought or « ; and therefore the Man 
had 25 Eggs, which is thus proved, from the Conditions of the 



I fay the Man had 

For if from them you fubftract 

And to the Remainder add 

And from this Sum fubftra^ 

And to the Remainder add 

It makes what the Queftiqn ie<iaires 



25 Eggs 
15 



10 
21 



3' 
7 



24 
19 



43 



Queftion 4. To fiyid that Kujnhcr to which 19 being addedy if 
from that Sum we fnhjlract 50, and add 7 io the Remainder ^ 
mid fuhflraSi 60 from this Sum^ am hy adding 6 to that Re- 
maittder^ this Sum may be 7,2, 

Let a = Namber fought, ^ = 19, 50, tuiz.'ly nzz 6Qj 



Now I am to find a Number, 

which call 
To which 19 or h being added, 

we have by Art, 6. - - 
Froiii which Sum lubllraifling 50 

Of J, that is, conne6iing d by 



1 



a 



And 



To Reduce an Equation, 

4 ^ + ^ 



connec^ting ?i 



And to this Remainder adding 7 1 
or TO, we have by Art. 6. 3 

Froiii this Sum fubflra(5linc^ 60 
or that is 
by the Sign — 

And to this Remainder adding 6 1 
or/j, we have " *" 3 

And this .1 ~\- h — d-]-??: — ^?4~/* } 
is to be equal to 22 or ^5 hence 3 

Now to anfvver the Queflion, 
tranfpofe by putting down 
the remaining Part of that 
Side of the Equation, and p 
on the other Side with its con 
trary Sign, hence 

Then .tranfpofe by puttingr^ 
down the remaining Part of / 
that Side of the Equation, I 
and n on the other Side with I 
its contrary Sign, then - J 

Then tranfpofe «r, by putting^ 
down the jcmaining; Part of / 
that Side of the Equation, K 
and m on the other Side with I 
its contrary Sign, whence J 

Then tranfpofe by putting -v 
down the rem aning Pait of I 
that Side of the Equation, I 
and d on the other Side with 1 
its contrary Sign, and - J 

Laflly, tranfpofe 5, by putting 
down the remaining Part of 
that Side of the Equation, 
and b on the other Side with 
its contrary Sign> we have 



8 



ro 



1 1 



12 
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— d+m'-^n^p 
^d^m^n^p^g 



Hence ^, the unknown Number, is equal to the Number 
reptefented by ^, fubihactino; from it the Number rcprefentrd 
by /), adding to the Remainder the Number r. prciciued by 
fubili acting from this Sum the Number repreicated by w, addintj- 
to the Remainder the Number reprefentcd by dy and iubiiraiting 
ffom this Sum the Number reprelenied by b* 



22, the 
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22 the Number reprefentcd by g 

6 the Number reprefented by f y fubflradt 

i6 or^ — p 

6o the Number reprefented by //, add 

7 the Nuij.jtT reprefented by fubiliafi 

6q or g — p-\- — 

50 the Number reprefented by dy add 

IJ9 or^ — ^ + » — m-^d 
ig the Number reprefented by by fubftra£l 

100 the Number fought or dy which is thus proved, from 
the Conditions of the Queftion. 



I fay the Number fought was • - 100 

For if to that you add » * - 19 

219 

And from the Sum fubftra^l « • 50 

69^ 

And to the Remainder add • - 7 

^76" 

And from the Sum fubilraft • • 60 

16 

And add to the Remainder - • 6 

It makes what the Queilion requires 



The Dire£lions to the two following QuelVions are not quite 
fo copious, that the Judgment of the Learner may be a litilQ 
more exercifed. 

Qucdi on 5. J Number ef Mm were walking on a BowUng^ 
Greeny me Man ajked another how many there werey the other 
repl'iedy if you fubJlraB 7 from their Number y and add 1$ io 
the Remaindcry and fubjlra^f 9 from the Sumy and add 56 t& 
the Remainder y and Ju'^ha^f % from that Sumy this will leave 
ICO. To find the Number of Men on the Bowling-Green, 

Let = Number of Pvlen on the BowUiig-Gre€«a ^ = 7> 
^= 15, ^ = 9, »i = ^6, nz=,2y J> = joo% 

I aia 



To redace an Equation, 



«7 



I am to find the Number of 
Men on the Bowling- Green, 
which call 

From which 7 or ^ being 
fubftra6ted, which is only 
to conne£l h by the Sign — 

To which Remainder adding 
rj ox we have by Art. 6. 

From which Sam fubftra6ling 
9 or gy or connc6ling g by 
the Sign — , and we have 

To this Remainder adding m 
or 56, by Art. 6. 

From which Sum fub(lra£ling 
2 or rty that is, connei^ing 
n by the Sign — , it is 

Which ^ ^/—i' + — « 
is to be equal to 1 00 or 
hence 

By tranfpofing n we have - 
By tranfpofing m we have - 
By tranfpofing g we have - 
By tranfpofing d we have 
By tranfpofing h we have - 



\ 
\ 

\ 



8 

9 
10 

II 

12 



a—b^d 

a — h'\'d—g 

a^h + d — g -J- m 



a^b^d — g^nt'^n zzp 



a* 
a 
a- 
a' 
a 



,b^d'^g'\-m = p 4-» 
b-\-d — g^p+n — m 
'b^d-p^n—m^g 
.^=^-|-« — m'\^g — d 
p'\'tt — m-Yg — d-^h 



100 is the Number reprefentcd by p 

1 or «, to be .^dded 



102 or />-{-« 
56 or to be fubdra^led 



46 or/> + K — m 
9 or g^ to be added 



55 or /> + »— 

15 or to be fubftraded 

40 or /' -j- — 7n -{- g — d 
7 or to be added • 

47 the Number fought or ^r, for <?=^ 4- a — J_ 
^d-\'b. 



i 



Now to prove 47 was the Number of Men that were on 
the Bowling-Green, let us try if it will anfwer the Conditions 
«f the Qiieftion. 
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40 

»5 



55 
9 



46 
56. 



I fiiy the Number of Men were - - 47 

For if from them you fubftraA - " 7 

And add to the Remainder 

And from the Sum fub(lra£l 

And add to the Remainder « • 

And from the Sum fubllra^ 
It makes what the Queftion requires 

Qtieflion 6. J Per] on required another to tell him how many 
Shillings he had^ by faying that if to their Number was added 5, 
md from this Sum fuhflt ailing 3, and adding 16 to the Re^ 
maindery and from that Sum fuhfiraEiing 50, and adding 54 to 
the Remainder,^ he Jhould then have 43 Shillings. How many 
Shillings bad he ? 

Let a zz the Number of Shillings fought, ^ = 5, ^ = 3> 
w= 16, if=50, /> = 54> ?='43* 



102 
2 

100 



The Perfon had a certain 
Number of ShiiJings, which 
call 

To which 5 or ^ being added, 

we have 
from which Sum fubilrading 

3 or dy wc have 
To which Remainder adding 

16 or m, we have 
From which Sum fubftra^ting 

50 or we have 
To which Remainder adding 

54. or we have 

Which 4-^ — ^+W2 — n+p 
is to be equal to 43 or ^, 

hence 

The Queftion being now ex- 
preiled in Jigebra^ by tranf- ^ 8 
pofmg ^, we have 



5 

6 



a + h^d 

a h — d '\' Hi 

a-^h^d'^-m^n 

a"\'b'^d^m^n^q — p 

By 
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By tranrpofing ?r we have - 9 a b—^d ^ mzzz q — p-\''^ 
By (ranfpofing w we have - lo^-j-i' — d:zzq'^p-\-n — m 
By tranrpoiing d we have - 1 1 a b q — p -\-n — ?n -f- d 
Laftly, by tranfpofmg h we have 1 12 ^3 ~ ^ — j> + m-j^d — k 

43 Is the Number rcprcfcnted by q 
— 5 4 from which fubftra^ing 54 or />, there remains — 11 

—II or q —py fee below.* 

50 adding 50 or ft to-— li, ihe ^um ii 39 

39 or q — p + ^ 

i6 from which fubftrading 16 01 m 

23 or^— — m 
3 to which adding 3 or 

26 Off — p^n—tn-^'d 

5 fr om which fubftra^^ing 5 or ^ 

21 hence 21 is the Number fought ; which Is thus proved ; 



1 fay the Perfon had - - 21 Shillings 

iPot if to them you add ^ ^ 

And from the Sum fubilraA ^ 3 

And to the Remainder add • • 16 

39 

And from the Sum fubftra£l - - 50 

There remains a negative or - —11 

And if to this Remainder we add • 54 

It makes what the Queftlon requires - 43 



* When a negative Number is to be fubftra^cd from an 
affirmative Number, and the negative Number is greateft, as 
in this Cafe, it is only to take the Difference of the two 
Numbers, and place the Sign — • before it ; and if the next 
Number to be added is affirmative^ and greater than the iinga^ 
the Remainder, then it is only fubftraiiing the negative Re- 
mainder from the affirmative Number which is to be added, 
and this will be the Sum. 



N 



If 



* 
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If the Learner finds any Difficulty in conceiving this, h6 
may col! e£^ all the tiffirmative Numbers into one Sum, and all 
the fiegaiive Numbers into another ; and fubflraciing the Sum 
of the Ne^aiiva from the Sum of the Jffinuatives^ the Re- 
niainder is the Anf^/er to the Queilion. 



In the lad QueAlon, 

The affirmative Quantities 1 , 

or Numbers arc • - i ^ "~ 

n— so 



9b 

Sum of the negative Numbers — 75 



21 = as before 



The negative (^antities }■ ^tjt 

or Nunibt;is ^ic - j ? — 54 

— m — — 16 

— h:^- 5 



— 75 

To reduce an Equation by Multiplication. 

47. In thelaft Article, the unknown Quantity was conncif^ed 

wi;h the known Quaniitics by the Signs -{- or — only, but it 
may happen that the unknown Quantity may be divided by 
fonic knowfi Quantity ; in this Cafe, tjiuhiply every Pcv t or all 
the Ter?m of the Equation hy V)at known ^Uivntity ; and the Part 
of the Equation containing the; unknown QLiantity will be 
then multiplied and divided by the fame (Kjanti:y, take down 
this Kquition, rejectiiiL; the known Qiiantity Irom that Part 
of the Equation where it both mukiplies and divides the un- 
known Quantity, by Art. 20. it being in both Dividciid 
and Div'ifor : After thi«; Equation is fet down, if there are any 
other Qiiantitie^j conne6l:ed v^^ith the unknown one by the Signs 
_|. or — , tranfpofe them to the other Side of the Equation as 
in tlie !aft Article, by which Method we fhall have all the 
k; own Cluaniities on one Side of the Equation, and the un- 
known one by itieit on the Qther Side, which is the Solution of 
the Quellion. 

Que A ion 
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Queftion 7, AGamefter challenging another to play for as many 
Guineas as he had in his Handy the other required to know how 
many there tuercy he replied, if you divide their Number by 5, and 
add 19 to the ^otient, I jhall then have 23 Guineas in my 
Hand, How many Guineas had he ? 

Let 42 = the Number of Guineas fought, ^ = 5, ^=19, 
w = 23. 

Then the Gamcfter had a certain Num- 
ber of Guineas, which call 

Which being divided by 5 or b^ the Quo- 
tient is by Art. 27. 



! 



To which Quotient \ if we add 

we have by Art. 6. 

And this 2. -f c/, is to be equal to 23 or 
b 

jw, therefore we have 
The Queftion being exprefied va^ Algebra-^ 

by the Equation dzz m<, in whicli 

the unknown Quantity a being divided 
by h \ now by the Rule, multiply 
evtjiv^ Part or Quantity in the Equa- 
tion by and in this Multiplication, 
multiply only the Numerator a of the 

Quantity - by ^, according to the Rule 

h 

of Vulgar Fra«Slions in Arithmetic, and 
we have « - - J 

Becaufe ^ . is in both Dividend and^ 

ab 

Divifor of the Quantity — , hence by 

the Rule, rejeding h from only, and \ 

b 

placing down the remaining Part and 
all the other Parts of the Equalion, 
witliout anv Alteration, vvc have .1 
Tranrpofing h d by the laft Article, it 1 
being a known Quantity, then - i 

N 2 



idd 19 or dy I 



a 



a 



a 



1 + J 



6 \a bd^hm 



a^bm'^hd 

Hero 
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Here the Queftion is anfwered, for a the tuiknown Quan» 
tity is equal to the Pfodu<£l of the two Numbers reprefented by 
b and IK, fubftrac^ing from it the Prodm^t of the two Numbers 
reprefented by b and rf. 



The Number reprefented by b is 5, the Number re- 1 
prcfented by m is 23, which two Numbers being multi- V 
plied is 3/77 or - - - -j 

The Number reprefented by b is 5, the Number re- 1 
prefented by di$ 19, which two Numbers being multi- f 
plied \%bd ot - - - - 3 



IIS 



95 



Subilrading b d ixomhmy that is, 95 from leaves \ 
hm — hd ' - - - - 3 

VVhich is the Number fought, or the Guineas the Gainefter 
had, and is proved from the Conditions of the Queiiion, thus^ 

I fay the Gamefter had - 20 Guineas 

For if thai Number is divided by 5, the Quotient is 4 
But if to this 4 we add - ^ - ig 

It makes what the Queftion requires ^3 

Queflion 8. To find thai Number which being divided by 15, 
if to the ^otient we add Q,']y and fubftraSi ij from the $um^ 
the Remainder will be 18. 



Let a — the Number fought, b=^i^y d = ^7, 131 
p = 18: 

Now I am to find a Number, 

which call 
Which being divided by 15 or by 

we have by Art. 27, 

To the Quotient or — , 




add 27 or dy 
Art. 6. 

From this Sum if we flibflracl 
l3or;w, that is, conne<^ m 
by the Sign — , it is 

Which Z 4- d — m is by the 

Q^icftion to be equal to j8 
or py hence wc have 



a 
b 



d — m 



The 



To reduce an Equation, Cff. 
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The QueRion being now ex-- 
preiTed in Jlgel^ra by this E- 

quation — -^d — and 

the unknown Quantity ^7 being } 
divided by by multiply every ' 
Part of the Equation by b as in 
the lai): Queflion, and then we 
have ... J 
Becauie b is in both Dividend 
and Divifor of the Quantity 

~, f ejedl b from this Quan- 
b 

tity only as in ti c luft Queflion, 
placing down a and the remain- 
ing Q^iaiuitics in the Equation 
without any Aiter*i.uun, then 
we have 

Cccau Lc / ; 0 is a known Quan- > 
tity, tianlpofe it by theDirec- ( 
tions in tiie lafl Anide, and f 
wc have - ) 

Becauie db is a known Quan- '^ 
tity, tianrpofe it by the ("ame (. 
Piiedions, and wc have - J 



7 



8 



^A^db — mb 2zpb 
b 



+ db — mbzzph 



azzpb~\-mb^db 



Now a the unknown Quantity being by itfclf on one Side of 
the Equation, the Qijeftion is folvcd ; for^, the unknown Quan- 
tity, is equal to the Produa of the two Numbers reprefented by 
p and b^ added to the Produa of the two Numbers reprefented 
by m and by fubftraaing from this Sum the Produa of the 
Numbers reprefented by the Letters d and b. 

The Number reprefented by p is i8, the Number re- 
prcfented by b is 15, the Produa of thcfe two Numbers i 270 
hp bor - • . . y 

The Number reprefented by w is 13, the Number re- 1 
prefented by b is 15, the Produa of thefe two Numbers > 195 
is mb or - * - . 3 



The Sum ispb-^-mb OK 



405 



The 
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The Number reprefented by d is 27, the Number -| 
rcprcfentcd by b Is 15, the Product of thefe two Num- I 
bers is 405, which being fubftraded from the Sum of 1^ 
the other two Products • - - J 

Leaves ^ ^ -j- m ^ — d b or a 

Therefore 60 is equal to a, or 60 is the Number fought, 
which is thus proved from the Queftion. 



I fay the Number fought is 

For if that is divided by 15 the Quotient is 
To which Quotient, or 4, if wc add 

The Sum is - - - 

And if from this Sum we fahflracl ' ' • 

There remains what the Queliion requires 



6 



4 



31 



Queftion 9. Man heing ajked how many Shillings he had^ 
replied^ if you divide the Number I have by 25> and fubftraif 3 
from the ^oitent^ and then add to this Remainder ^ and from 
the Sum fubflraSfing 40, / Jhall have IZ Shillings left* How 
?ncmy Shillings had he? 



a 



Let « = the Number of Shillings the Man had, h 
^= 3, //f = 51, ^ = 40, z=i2.. • 

Now the Man had a CLrtauT 

Number of Shilungs, which ? i a 
call - - J 

Which being divided by 23 or | 
b^ we have by Art. 27. - 3 

From the Quotient or ^ , if! 

we fubftratS^: 1^ or that i^-, \ 

conn^<ting d by the Sigri — J 
Tothe Rcmaindcrad(jing5I or^/2, ] 

we have by Art. 6. - | 
From which fubdracTring 40 or 
that is, conne^iing p by 

the Sign— , we have 

Which - — 45f + ;7z— is bv 



b 



the Qucftion, to be equal to \ 
1 2 or hence wc huve - J 



i|6 



a 



— d'\- m 



-7- — d + m — p 



a 
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9S 



7 



a b 



b 



a — dh-\-m h — ph zz zk 



The Qiieflion being now ex-"| 
prelled in Jlgebra, 2nd the I 
unknown Ouantitv a bcin^; I 
divided by inultiply every 
Quantity in .the Fquation by j 
as in the two laft Queilions, j 
then we have - - ■ J 

And rejecting b o\xi oi the Quan- 
tity ^ only, becaufe it is 

in both Dividend and Divifor, V ^ 
and (fitting down the reft as in 
the two Jaft Queftions, we I 
have - - J 

Becaufe ^ ^ is a known Qiiantity, 1 
tranfpofe it by Art, 46. and > 
we have - - 3 

Becaufe is a known Quan- 
tity^ tranfpofe it in like Man- 
ner, then we have 

Becaufe is a known Quan- 
tity, by tranfpofing it we 
have 



Now It appears the unknown Quantity, or ^, is equal to 
the Produ£t of the two Nunjbers reprefented by z and by added 
to the Prod u»£l of the two Ntm bers reprefented by p and b^ 
fubftrafting from this Sum the Produdi: of the two Numbers 
reprefented by m and b^ and adding to this Remainder the Pro* 
du(5f of the two Numbers reprefented by d and b. 

The Number reprefented by % is 12, and that by ^ 7 
is 25, the Produ(5l of thefe two is z ^ or - S 

The Number reprefented by p Is 40, and that by i 7 
is 25, the Produd of thefc two is or - 3 

The Sum hzb-^-pb ot 



a — db +mbz=:%b + pk 
10 ^ — db~zb-^-pb — mb 



II [azzzb+pb — mb + db 



300 



1000 



The Number reprefented by ;w is 51, and that by } 
is 25, the Product of thefe two is mb or - 3 '^75 



^5 

Which bciiTg fubnrai^ed from tlie Sum of the other 
two, leav^es % b p h — m h ox 

The Number reprercnied bv d is 3, and that by b 7 
is 25, the Product oi iheie two is r/^ or » 3 

Which added to the laft Remainder, the Sum is 
% b + ^ b'^ihb db or a 



25 



} . ICO 

Whence 
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Whctice the unknown Quantity or the Number o^ 
Shillings the Man had is lOO, which is thus proved^ from the 
Conditions of the Queftion* 

Shillings. 

I fay the Man had - - - loo 

For if that Number is divided by 25, the Quotient is 4 
From which Quotient if we fubfba^fc - - 3 

Remains - • . • 

To which adding • • • 

The Sum is - • - 

From which fubftradling 

There remains what the Quedion requires 




12 



Queftion 10. A Country Servant^ who tmderftood Algebra, 
being ajked by his Mqfter how many Cows there were in the Fields 
replied^ if you add 13 /tf iheir Number y and divide that Sum 
by 8, and then add 19 to the patient ^ and fuhfraa 11 from 
that Sumy there will be 12 Cows left. How many Cows were 
there? 



Let a = the Number of Cows, ^ = 13, B, m=^i(^^ 



Now there were in the Field a 
certain Number of Cowsjwhich 
call 

To which 13 or ^ being added, 

we have by Art. 6. 
Which a h hn'mz divided by 

8 or d^ we have by Art. 28. 
To which if we add igorm, we 

have by Art, 6. 
From which if we fubftra([t 1 1 

or we have by conneding 

p with the Sign — - 

Which + — is by the 
d 

Qiieftion to be equal to 1 2 or 
jr, hence we have 



3 
4 



a 



a '\-'b 

a '\- b 



d 

a + b 



d 



a-^- b 



-J- m 

+ m—p 



Becaufe 



To reduce an Equation^ &c. 

Bccaufc a, the unknown Term,' 
is Part of the Fradion 



97 



where the Divifor i$ dy there- 
fore multiplying every Quan- y 
thy in the Numerator ofi 
the Fradion by dy by the | 
Rule of Vulgar Fra^ions in ' 
Arithmeticky and the other 
Quantities as before, then 
Becaufe d is in every Term of 
the Dividend and Divifor of 



the f radion f^lillf, 



le- 



jea from 'J±I^ / 

by Art. 22. and 24, and fet 
down all the reft as before, 
then . • - 

iKow begin to tranfpofe pdy it 
being a known Quantity, 
then we have 

Becaufe md Is z known Quan- 
tity, therefore tranfpofe 
and we have 

Becaufe ^ is a known Quano 
tity, therefore tranfpofe it, > 
and we have - J 



lad-^hd 



•{^md'^pd^itd 



8 U^h^md^pd^xd 



I 

an- > 



<)\a'{'b+mdssxd'^'pd 
ioL + ^= xd+pd — md 



IlU = ;r^-f pd^ — md'^h 



By this it appears that the unknown Quantity, is equal to 
the Produil of the two Numbers reprefented by x and added 
to the Product of the two Numbers reprefented by p and d^ 
fubllra6ling from this Sum the Produ£l of the two Numbers 
reprefented by m and dy fubilradting lUil from this Remainder 
the Number repielented by 



The Produ<5t of the two Numbers reprefented by ) ^ 
and ^ is ;ir ^, or ^ — — -^3 9^ 

The Produffc of the two Numbers reprefented by /> 7 
and dh pdy or — — — ^ — ^ J 

Theif Sam h x d p d^ ot *— • — 



8S 



184. 
The 
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The Pfodu<a of the two Numbers reprefenteJ hy m\ 
and dhmdyor ^ * «— •— \ 

Which fubRraded from the Sum of the other twol 
Produds, there remains xd-\-pd'^md \ 
From which fubilrading.the Number reprefented by b 

The Remainder is xd+pd — md—by which is equal \ 
to <7y or the Number fought — ^ j 



152 



3^ 
13 



19 



And that 19 Cows were tn the Field, is thus proved from 
the Conditions of the Queftton. 



I fay the Number of Cows were — 
For if to them we add — — 

The Sum is — 

Which divided by 8, the Quotient is 
To which Quotient if we add — 

The Sum is — 

From which Sum fubftradling — . • 

There remains what the Queflion requires 



19 
13 



V2. 




Queftion 11. Two young Gentlemen were dtfpuiing how many 
Men were at a public Diverfiofty but not agreeing^ they referred 
it to a third Perfon^ who^ being Jkilled in Algebra, Inflead of a 
dire^ Anfwer^ replied^ that if you fubflraSf 115 from their 
Number^ and divide the Remainder by 50, and add 39 to that 
^otienty from which Sum fub/iraSfing 16, and adding 68 to 
the Remainder J this hfi Sum will be equal to loi* Hoiw many 
Men were there? 



Let a — the Number of Men fought, b 

(L.-^. 39, n — 16^ p — 68, X '-^ lOK 

There were a certain 1 

Number of Men, which ? 

call . . ) 

Fi"om which 115, or^, be- 1 

\n% fubflra£ied, we have 5 
Which Remiinderof a — b^ 

being divided by 50, or 

€y we have by Art. 28. 
To which Qtioiient if we? ^ IZZf -|. d 

add 39, or d^ we have 



SO I 



\ 
} 



a-^-b 

a-^b 

c 

a-^b 



From 
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From this Sum if wel 
fubftra6k i6 or we ^ 
have - - J 

To which Remainder if we 
add 68 or^, we have 

Which mi +^—«+^ 

c 

is, by the Queftion, to 
be equal to lOl or ^, 
hence - • 

Bccaufe the unknown 
Quantity, is Part of 

tZZty which being di- 
c 

vided by ^, therefore 
muhi plying by as 
in the M Queftion, we 
have , » ' 
fiecaufe c is in every lerm 
of the Dividend and Di> 

. - r CO — Ch . o 

vifor of reject Cy 

c \ 
as in the laft Queflion, 
and fet down all the 
left as berore, and we 
have 

Now tranfpofe r/>, it bc- 
. ing a known Quantity 

then it is 
Tranfpofe c- 1?. it being a J 

known Quantity, and we ^ 

have - • J 

Tranfpofe r it being a 

known Quantity ^ and we 

have 
And tranrpofu _ 

a known Qu 

have 



ng Z>, it being 1 
<^antity, we f 



5 

6 



7 



8 



a 



•b-^cd — cn + cp:=zcx 



10 



1 1 



12 



13 



—^bJ^cd^cn^iCx^cp 
r — b-\' cdsscx'^cp + cn 



^b^cX'^cP'\'Cn — cd 



zz £ X — cp-\-£n — cd-^^b 



Hence it appears that a, the unknown Quantity, is equal to 
the Produaof the two Numbers reprefcntcd bye and Xy fubftraa. 
ing from it the Produdof the two Numbers reprefemed by c and/, 
^ O 2 adding 
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adding to that Remainder the Produa: of the two Numbers 
rcprefented by c and », fubftra£ling from this S um the Produ^ 
of the two Numbers reprefented by c and and adding to this 
Remainder the Number reprefented by h, 

TheProdu^lof the two Numbers reprefented by <1 ^ 
and AT is ^;r, or * - - .3^5 

The Produ^i of the two Numbers reprefented by ^ ) ^ 
and ^ is or - - 

The Remainder is or - » 1^50 
The Produ^ of the two Numbers Kprefented by r 7 o 
and n is or - . >i S 

Which added to the laft Remainder, the Sum is 7 -^c^ 
IX — cp-\-cn^ or - 1 ^^^^ 

The Produ6fc of the two Numbers reprefented by c 7 
zrAdUcdy or 195O9 which being fubAra^ed - 

The Remainder \s £x^ep --^cn^cd^ - 500 

Adding the Number reprefented by ^, or • 1 15 

The Sum h tx — cp-^-cn — c d-\- by which ii equal 7 ^ . ^ 
to ay the Number fought - - • J ^ 

And that there were 615 Men is proved from the Condi* 
tions of the Queilioii. 

Men. 

I fay there were « - 615 

For if from them we fubftra^ • - 115 

Remains ^ » - - . 500 

Which being divided by 50, the Quotient is • 10 

To vviuch adding - - 39 

The Sum is - - - 49 

From which fubflrai^ing - - - 16 

The Remainder is - - • • 33 

To which adding - - - 6S 



There remains what the Queftion requires -* loi 

Queftion I ? . TJ)ere ts a etriain Number t9 which 9 being added^ 
end dividing this Sum By 5, if from this ^otitnt we fuhJlraH 6, 
and add lOi to the Remainder ^ from that Sum fubftra^iing lo, 
ihere remains 97. TFhat is the Number ? 

Let 



To reduce an Equation, i6t 

Let a =: the Number fought, ^ 9, ^ = 5, = 6, jw = ioi» 
/ = 10, ^ = 97. 



Now I am to find a certain ) 
Number, which call - i 

To which 9, or being 1 
added, we have by Art. 6. J 

This being divided by 5, 7 
or Cy we have by Ar- f 
tide 28. - - y 

Prom which fublirading 6, \ 
or </, we have - J 

To which adding loi, or 1 
we have by Art. 6; J 

From this Aibftraf^ing 10, "7 
or py that is, conneding ?- 
P by the Sign — ^ it is 3 

Which l±i—^+w—/^ 

is to be equal to 97, or 
JT, hence 
The Queftion being thus 
exprefled in Algebra^ be- 
gin and multiply by 
for the Realbn in the laft 
Queftion, then we have 

Reje^ing c from Lldllf , 

and fetting down the reft 

as before, then 
Now tranfpofing c fy hi 

being a known Quantity, > 

we have - - j 
Tranfpofing rw, it being 1 

a known QuanUty, we > 

have - - 3 
Tranfpofing c dy it being 

a known Quantity, we 

have 

Laftly, tranrpofing hy it 1 
being a known Quantity, > 
we have - - j 



4 
5 

6 



8 



Li 

c 
c 



f<7 -{- f ^ 



ir 



II 



12 



13 



+ ^ — <d=scx+cp — cm 
a + h^cx+cp^fm + cd 



a=:cx^cp'^cm + cd — ^ 



The 
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The AlgihraUk Operation being finiifaed, the JVtfwnW Work 
is thus. 



The Produi^ of the two Numbers repreleiUed by c and 

xh c X, or 

The Product of the two Numbers reprefentcd by t and 

P \s c p, or 

The Sum is a- -f- r />, or 

The Product of the two Numbers reprefented by c and 
m h c or - - «. - . 

£iibrtra£ling, the Remainder is r .v c ^ . — c 7n^ or 
The Product of the two Numbers reprelented by c and 
^ h c or " - 

Adding, xht is c x -\- cp --^em c or 
The Number reprefented by b is 9, fubftra£ting 

The Remainder hcx-^- cp — + i> which is 
equal to a J or the Number fought 



535 
J 505 



30 
33 



60 
9 



Si 



And is thus proved from the Conditions of the Quefiion. 

I fay the Number fought is - - 

For if to this we add • 

The Sum is - 

Which being divided by 5, the Quotient is 
From which fubilra^ting - - 

The Remainder is - - 

To which adding - - • - 

The Sum is - - • 

From which fub(lra£(ing - . - 

There remains what the Queftion requires 



51 
9 



60 



J2 

6 



6 

lOI 

107 
10 



97 



7i reduce an Equation by Divifion. 

48. In the laft Article the unknown Quantity was divic^ed by 
a known Quantity, in the Equation that arofe from the Con- 
ditions of the Queftion ; in this Article the unknown Quantity 
will be multiplied into a known Quantity, in the Eq jacion that 
arifes from the Conditions of ihe Qucflion ; when this happens, 
divide even ^(antity on both Sid'et of the Equation^ hy the fame 
inswn ^lantity into which tht unkn-mn ^antity is mulupli<:d^ 

then 
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then you will find the unknown Quantity to be multiplied and 
divided by the fame Quantity ; now place down this Equation, 
rejecting only the Letter from that Quantity, where it multiplies 
and divides the unknown Quantity, as in the laft Article j then 
. tranfpore the Quantities as before, but 4f there are none to be 
tranrpofec] the Queftion is folved. 

If any Quantities are conneaed with the unknown one by 
the Signs -|- or — , it will be moft convenient for the Learner 
to tranipofe them before he begins to divide by the Rule juft 
given. 



Qtjeflion 13. J Perfin required another U teU htm how memy 

^hdimgs he hady by faying that if their Nianher was multiplied by 
13, and if froyn that ProduSf wai fubjira^cd he Jhould thm 
have 1 70 Shillings, How many Shillings had he f 

Let /7 = the Number of Shillings the Perfon had, ^ = 13, 
d =z 2$^ m =z 170. 



A Perfon had a ceiuia Number of 
Shillings, which call 

Which multiplied by 13, or we j 
have by Art. 9. ... 5 

From the Produ£l, or b a^ if we fub. 
ftra<a 25, or d^ we have 

Which Remainder ba-^d is by the} 
QueHion to be equal to 170, or > 
hence - - - « i 

Becaufe d is on the fame Side of the 
Equation with the unknown Quan- 
tity, and conne^aed by the Sign — , 
therefore tranfpofe d^ then 

There being no more Quantities to be 
tranfpofed, and the unknown Quan- 
tity being multiplied by ^, therefore 
divide both Sides of the Equation by 
b. Now b a divided by b gives 

1- by Art. 27. and m + divided by ( 

by gives ^i+i by Art. 28. therefore 
b 

Vft have 



I \a 



5 



ha 



ha^d 



ba^ dzz m 



b a-^m d 



6 "-^ 



ha m~\'d 



Becaule 
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Becaufe h is in both Dividend and^ 

DiviTor of tho Quantity ^ reject b 

b 

by Art. 20. and putting down the V 
other Quantities without any Altera- 
tion as in the foregoing Queftion, we 
have - - - - 

From hence it appears that the unknown Quantity, is 
equal to the Sum of the two Numbers reprefented by m and 
divided by the Number reprefented by b. 

The Number reprefented by m is - - I7» 
The Number reprefented by </ is - - 25 

Tiic Sum is m + or . - - - 195 

And dividing 195, or + 4 by 13^ ot the Quotient is 

? or 15^ which is a> or the Number fought. 
b 

The Truth of which is thus proved from the Conditions of 
the Queftion. 



I fay the Pcrfon had - - 15 Shillin^i 

For if that is muhiplied by - 13 

45 
'5 

TheProduais - - 195 

From which fubflra^llng - - ^5 



There remains what the Queftion requires - ijo 

QueOion 14. A Butcher feeing a Drover gowg to Markd with 
a Number of Sbeepj cfked how many there tuere ; the Drover 
anfiveredj If ypu multiply their Number by 9, and fuhflra£f 157 
from that Predu£f, and add 1 63 to the Remainder y 2 foall then 
have 2000 Sheep, - How many Sheep had he ? 

Let a — the Number of Sheep, ^.=r9, d = 157, = 168, 
p =: 2000. 

Then 



a - 



To reduce an Equation, 

The Drover had a certain Number ) 

of Sheep, which call - j 

Which multiplied by 9, or ^, we ) 
have by Art. 9. - 3 

From the Product fubftrading 157, or 7 
dy that is, conne£!ing d by the {• 



Sign — , we have 



adding 



1689 or 



! 



To which Remainder 

r/jy wc have by Art. 6, 
This ha — d-^m is by the Queftion 7 
to be equal to aooo> or ^, hence J- 
we have - - J 

Now according to the Rule begin with 1 
tranrpofing m, and we have - 3 
Then tranfpoiing dy we have 
The Quantities being all tranfpoied" 
that w^re conne^^ed by the Signs -f- 
or — , and the unknown Quantity 
being multiplied by therefore by 
the Rule divide both Sides of ' the 
Equation by but'^^i divided by I 

gives — , and p ^ m '\- d divided 



ba 



6 

7 



by gives 



by Art. 28. 



hence we have 



Reje^ling b from the Quantity "^'^ 

becaufe it is in both Dividend and ; 
Divifor, and placing down the re- [ 
maining Parts of the Equation with- I 
out any Alteration as before, we havej 



8 



b a^d 

b a — </ -J- m = p 

ba^d =ip — m 
ba^p + d 



ba p ^m'^d 



m -{^ d 



The Mgebralc Work is now finlfhed, for the unknown 
Quantity a is on one Side of the Equation by itfelf, and it 
appears to be equal to the Number reprefented by Py fubftra^t^ 
ing from it the Number reprefented by niy adding to this Re- 
mainder the Number reprefented by d^ and dividing this Sum 
by the Number reprefented by ^, 



P 



The 
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The Number repreiented by ^ is 
From which fubftra^^ing the Number reprefented by ? 
w, which is - • - S 

There remains ^ — 1«» or 

To which adding the Number reprefented by ^ 

The Sum hp — m -{-d, ot 



20C0 

m 



157 



1989 



And dividing this 1989, or p — m by 9, the Num- 
ber reprefented by the Quotient is ^ , orlii* which 

h 

is tf, or the Number of Sheep the Drover had i and is proved by 
the Condi uons of the Queilion thus. 



I fay the Number of Sheqj were 
For that being multiplied by 

The Produ£i is 

From which fubftrac^ing 

There remains 
To which adding 

The Sum is what the Queftion requires 



221 



1989 
1832 
2000 



Queftion 1 5. Man being ajked whet he gave for his Horfe^ 
pnfuferid^ if you fnuHipfy the Number of Pounds J gave by 5, end 
then add 1$ to the Product ^ and from that Sum fubfira^i 50, 
and to the Remainder adding 25, from which Sum fuhflraSiing 
14, this Remainder ^iil be e^iud to Si. ffUfot did he give for 
his Hor/i ? 



Let a — what 



he gave for the 



i 



Let the Pounds which the Perfon ) 

gave for the Horfe be called J 
Which multiplied by 5, or by we 

have by Art, 9. 
To which Produ<SI if we add 7 

15, or we have by Art. 6. j 
^om this Sum fubftra£ling 50, 

or Cy that is, conne£iing 

the Sign we have 



:ing ^ by 



Horfe, ^ = 5, = I5> 



ba 



b a d 
ba-^-d^t 



To 



5 
6 



to be/ 
ICC wer 



9 

lO 

II 
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To which Remainder adding 25, ) 

or ^» we have - $ 
From which Sum rubftrading) 

14, or my we have - j 
Which ha + d^c+p^m 

is by the Queftion 

equal to 8i> or hence 

have 

Now tranfpofing we have 

Aad, uranrpofing^, we have 

And tranfpofing we have 

And tranfpofing d, we have 

The Quantities connected bjr^ 
the Signs 4. or — , bei% " 
now all tranfpofed, I obferve 
the unknown Quantity to 
be multiplied by hy there- 
fore divide every Term on 
both Sides of the Equa- 
tion by 6» Now dividing 

ha hy it is and 

dividing A'4*fft — — i/by 
*,wehayel±:i=.H:£=i 

as in the foregoing Queflions, 
hence we have 
Rejecting b from the Quantity ' 

Jtjly becaufe it is in both 



> 



12 



13 
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ba + d'^€'\-'P 

ba-\'d^c-\'p -^x^tn 
ba^d — c:=zX'\' m-^p 
bO'^'dzzx-^m'^p^t 
bazizx + m'^p'^^'^d 



ba ^ m^ p <^d 



a = 



A* 4- 



Dividend and Divifor^ and 
placing down the reft of the 
Equation without any Al- 
teration as before^ and we 
have 



That is, Oy the unknown Quantity, is equal to theKumbei: 
rcprefented by Xy added to the Number reprefented b)L«, fub* 
ftra£king from their Sum the Number reprefented by p^ adding to 
this Remainder the Number reprefented by fubftracttng from 
this S u m the Number reprefented by dy and dividing this Re^ 
maindcr by the Number reprefented by i.. 



P 2 



Now 



io8 ji L G B B R J, 

Now ;t is - - - - 8l' 

To which adding o& • - - 14 

The StMti is A- -4- or - - - 95 

From which fubftra^ing ^, pr - • 25 

There remains »f—^, or - - 70 

To which adding or - - - 5^ 

The Sum hx + m — p 4. ^, or • - 120 

From which fubftra£iing ^, or - - - '5 

'i here remains x-^-m^p'^C'-'^iyOt - 105 



Now dividing this 105, orA" + w— ^ + r — d^,hy h, or 5, 
^hc Quotient is 1±L!1ZiHi1Zi£, or 21, which is equal tb tf, 

or Number of Pounds the Horfe coft. 

Which is proved from the Conditions of the Queftion, 
thus» 



I fay the Horfe coft - - 21 Pounds 

For if that is multiplied by - - 5 

The Produa is - - 105 

To which adding - - _15 

The Sum is - - - 1 20 

From which fubflrading - - 5^ ^ ^ 

There remains - - -70 

To which adding - • . - 25 

The Sum is - . - - 95 

From which fubftra<Eling - - 14 

There remains what the Queftlon requires - bi 



Queftton 16. There is a certain Number which beh :: Tnultipliei 
hy 7» if from this FroduH we ftibftra£f 21, and to the Remain- 
der add ii, and from\ this Sum fuhflra^i 23, md add to 
the Remainder 33, this Ufft Sum will be 210. fP^t is the 
Number f 

Let a zi the Number fought^ ^ =r 7, = 21, x 11, 
c = 23, / = j3> rz=. 210. 

Now 



To reduce an Equation, 

Now there is a certain Number } 
fought, which call - J 
Which multiplied by 7, or ^, 1 
we have by Art. 9. - 1 
From which fubftraaing 21, or 
dy that is, conneding d by 
the Sign , we have - 
To this adding 11, or jr, we 
have by Art. 6. 
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From which fubftra£ting 23, or 
that is, conne6lti 
the Sign — ^ we have 



by I 



To which adding 33, or py we 1 
have by Art. 6. - 3 
And this ba^d-^-^x — ^+/>v 
is by the Queftion to be^ 
equal to 210, or r, hence r" 
we have - - 3 

The Qiicftion being now ex- 
prefl'ed in Algebra y begm the 
Solution by tranrpofing/, and 
then we have 
Tranrpofing c wc have 
Tranlpofing A- we have 
Tranrpofing d we have 
All <he Q^iantities being now-^ 
tranlpofcd that weic connedi- 
ed by the Signs + or — , 
aiitl li e unknown Quantity 
being nmUiplied by bf di- V 
vide every Term, or both ' 
Sides of the Equation by ^, 
as in the lall Example, and 
we have 
Now reject b out of the Quan- 
tity — , becaufe it is in both 



Dividend and Divifor, and 
fetting down the remaining 
Parts of the Equation, as 
in the laft Queftion, and we 
have 



> 



7 



9 

iO 

II 



12 



13 



ba 



ba-^ 



ba' 



d 

d + x 
d + x 
d^x 



ba^dA-x^c 



ba'^dJ^X'^C'\'P::zr 



ba—d-^-x^c zzr^p 

ha — d = ^ — ^ '\- c — X 
bazz. r — p-^-c — x -{-d 



ba 

J 



^ r^p-^-c^x 'i'd 



p^c — x-\-d 
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To find what a is in NufsbeniS. 

The Number rcprefent^J by r, is - - ^JQI 
From which fubftradiing d^e Number reprcfenl^d } 

hjp^ which is - . • ^ I 33 

There remains r— ^, oir - - - i^.j " 

To which adding the Nani|>er reprefented by r - 23 

The Sum is r*— or - _ 200"^ 

From which fubftradling the Number reprefented by it 

There remains r — p-^ c-^x, or - • iHq" 

To which adding the Number reprefent^sd by 4 21 

The Sum is r— *^-}- ^-^^4.^, pr - ^10 

AnJ dividing this 2i<p \>y or 7, the Quotient is 

^ or 30, which is pqual to Oy or the Number 

lbught» and is thus proved. 



30 



I fay the Number fought Is - * o** 

For if thi 1 multiplied by - - ^ 

The Produ(Sl is - • - 'zi6 

From which fubftrafiing • - 21 

There remains - - - - 189 

To which adding - • • 11 

The Sum is - - - - 200 

From which fubftrailing r - 23 

There rem:iins - - ^77* 

To which adding - — ^ -^-^ 



The Sum is what the Queilion requires * 210 

Queftion 17. A Gamjkr challenged another to pJjy with htm 
for as many Guineas as were In his Hand ; but being afiid how 
many they were^ anfweredy .if you multiply their Number by 10, 
emd fubjirafi ido from she 'Produ£iy and to the Rtrnaindtr 
add 55, Mnd from the Sum fubJlraSi 31, and adding to this 
Remainder 1 1 5, / Jball then have 539 Guineas, flow many 
badhef 



Let a the Number of Guineas fought, 10, czi zoo, 
55> « = 31, = 115, ^ 539. 

Then 



To reduce an Equiation, &c. ^ i 



Then a Gam eft er had; a <;ertaln 1 
Number of Guineas, which > 

call - - y 

Which being multiplied by lo, 1 

•r we have by Arc. 9. 3 
From which rubftra<^ng ioo> 

or Cy we have 
To which adding 55, 6r we 

have by Art. 6. 
Jb rom this fubilrading 31, or 

m, we have 
To which adding 115, or 

we have - - J 

This by the Qucflion is to be 

equal to 539, or/;, hence we 

have 

Then by tratifpoTing it we have 
Tranfpofing »i it is 
Tranfpofmg d we have 
And tranCporuig r 
Now divide by as before di- 
rededy and we have 

Aud rejc<^g h from ^ 

placing down the reft 
fore, then 




5 

6 

7 

9 

.10 
1 1 

12 
13 



a 



2 \ha 



ha^e 

ha — C'\'d^m 
ha^cJ^d-^m-^jf 

ba — c -^d — m-^xszf 

ba — c-^d — 771-== p — X 

b& — c^f — x\^m — d 

h a ^p^x -\^m'^d'Y>c 
ha — X -{^'^ ji'^c 



1 ~ 



The Queftior; being now folved in Algthra^ WC art to '^nd 
what a is equal to in Numbers, 



Now p is equal to ' - 
From which fubftra6ling or 

There remains /> — ;f, or 
To this adding w, or 

The Slim is p — a- -j- ;/;, or 
I rom this lubftradting or 

There remains;!) — x-\»m*^d^ or 
To this adding r, or 

The Sam is^— ;if + 3w — or 



539 
rr5 

424 

455 
55 
400 

T -iO 
500^ 



But 
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But dividing this 500 by which is 10, the Quotient is 50, 
the Number of Guineas the Gamefter had » and is thus proved 
from the Conditions of the Queftion, 



I fay the Gamefter had - • Guineas 

For if that Number is multiplied by • 10 

Xhe Produ(£l is - - - 500 

From which lubftracling • - 100 

ere remains - - ^qO 

To which adding • • • 55 
The Sum is - - 

From which fubftra^ling - • 31 

There remains . - - - 424 

To which adding - - 115 

The Sum is what the Queflion requires -» 539 



Queftion 18. A Per [on being afked how many Hours it v/as 
pa/I Noorjy npliedy '^f multiply the Number of Hours pafi 
Noon by 7, and fuhjlrat^t 5 froTn the Produ^y and to the Re- 
mainder add 9, and from tije Sum fubjira^ 3, and to this Rg* 
mtiinuer adding 4, this Sum will be equal to 12. How many 
Hours was it pafi Noon, or what ef the Clock was it ? 

Let<? = the Number of Hours it was pad Noon, or the 
Number iought, w = 7, ^ — 5, d zz. <: — 3, ^ 5=; 4, 
X — 12* 



Then there is n certain Number 
of Hours paft Noon, whioh 
call - - - 

This multiplied by 7, or ai, we 

have by Art. 9. 
From which fubftra<Sting 5, or 

py we have 
To this adding 9, or we have 

by Art. 6. - - 

From which fubftrading 3, or 

e^ that is, connecting c by 

the Sign — , we have 
To wh'.ch adding 4, or b^ we 

havt by Art. 6. - 



m a 
ma 
ma- 



P 

p + d 



ma 



6 ma-^p -{^ d^C'\'b 

Which 



To reduce an Equation, ^c, 

tVhich by the QueAion is to be 7 i 

equal to 1 2, or hence . J | 
Now tranfpofe by and wc have 
Tr nfpofingf, then 
Tranfpofing and 
Tranfpofing we have - 
Now dividing by as in the 7 

former Queftions, and we V 

have - - 3 

Reje<fling m from the Quantity 

^^•» as before, and we have 



m 



I 



7 

8 

9 
10 

12 



13 



na — p-\-d^c-\-h::::LX 
ma — 'p'^'d' — r = X — i 

ma^^p = — ^b-^-c — d 
ma 'ziX'^b-\'i — d'\'P 



m 

m 



a _ x — b-^ c-i^d-^p 



m 



The Algebraic Work being linilhed, we may find what a {9 
In Numbers thus. 

Now X is equal to • •» • 12 

From which fubftra6iing 5, - - 4 

There remains x — ^, or ^ - 8 

To which adding or - - ,.3 

The Sum is — ^ -|- r , or *• 11 

From which fubftra^tjig ^, . or * 9 

There remains * — ^ + dr • - 2 

To which adding ^, or - - - 5 

The Sum is x — ^+ ^— ot « * 7 " 

And dividing this by or 7, the Quotient is r, which 
is equal to Oy or the Number of" Hour^ it was pall Nugii, 
heace it was i of the Clock in the Afternoon. 

Whicli is thus proved from the Conditions of the Qqeftiott* 

I fay the Number of Hours paft Noon we^e - 
For if that is multiplied by - - 

The Produft is • - . • 
From which fubftra^ing * - - 

There remains - • . - 2 

• .To which adding - - "9 

The Sum is - • - - 11 

From which fubftra^^ing * - — 3 

There remains - • - 8 

To which adding * • - 4 

The Sum is what the Qucftion requirea j2 
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2a reduce an Equation by Involution. 

49. Hitherto there has been no Equation in which the un- 
known Quantity has had the radical Sign prefixt before it, or 

has been conne£l:d with known Quanticies under the radi- 
cal Sign ; but as this is a Cnfe which frequently happens, we 
are now to explain the Planner, how iuch Equations are 
n: an aged. 

If any Part of an Equation is a (urd Quantity, but the un- 
known Quantity is not under the radical Sign, then there is 
no Occafion to clear this Equaiiun of its ^urdi ; but if the 

- unknown Quantity is under the radical Sign, then the Equation 
mull be cleared of its Surds, 

And when there is a given Equation where the unhwivn 
^antity is under tht^ radical Slgriy and there are known Quan- 
tiiies without the radical Sign on that Side of the Equation, and 

"connciled by the Signs 4- or — , tranfpofe all thofe Quantities 
which are without the radical Sign, to the other Side of the 

' Equation ; then raife both Sides of the Equation to the Square^ 
if the radical Sign exprefTes the Square Root, or to the Cube, iF 

. the radical Sign exprelTes the Cube Root, and fo on } by which 
Means the Equation will be cleared of its Surds, 

After this, if there are no known Quantities on the fame Side 
of the Equation with the unknown one, the Queflion is folved ; 
but if there are ik\\\ known Quantities on the fame Side of the 
Equation with the unknown Quantity, the Equation is to be 
reduced by fome of the Methods before explained, at Art. \ty 

The Square Root is exprefTed by this Sign y^, and the Cube 

Root by the fame Si^n with a 3 on the Top, thus ^ and if 
any Root is taken befides the Square Root, the Figure over the 
Sign (hews what Root it is ; but when it is only the Square 
-Root, then there is generally no Figure over the Sign. 

- Queflion 19. Two GiVtiJcincn vccre talking of the Ninnber of 
Acres there %uer€ in a Fark^ the Fat k- Keeper being prefent^ and 

jdifpofid to fl)OW his Learnings hid thim^ that if they extraSied 
the fquare Root of the Number of Acrts in the Park, from which 

fguare Root fubjlrading 5, this Remainder will be equal to $0. 
How many- Acres were there in the Fark? 



To reduce an Equation, &c. 

. Let a ~ the Number of Acres in the Park, 
d == 50. 



Now tlicre were a certain Number of 

Acres in the Park, which call 
The :;4uare Root of which, by Art. 

From which Tubftracting 5, or ^, that 7 
is, conne<£^ing h by the S g.T — , it is X 

Which ^ a: ^6 hy the Queflion 7 
is equal to 50, or d^ hence - j 

The Qucftion being now expreflcd 
in Algebra^ and obferving that b 
IS not under the radical Sign, there- 
fore tranfpofe by then 

Now all the Quantities being tranf-^ 
pofed, which were not under the 
Ta<lical Sign, fquare both Sides 
of the Equation, as the radical 
Sign exprefles the Square Root. 
But the Square of ^ « is by 
Art. 43. and the Square d b 
is 4- ^db bby by Art. 32. 
and making thefe equal to one 
another, for the S qaare of equal 
Quantities or Numbers muft be 
equal, and we have 



Hence it appears that Hy the unknown Quantity, is equal to 
the Square of the Number reprefent^d by d^ added to twice the 
Produd of the two Numbers reprefented by cl and h, and this 
Sum added to the Square of the Number reprefented by b. 



a:=dd+2db+bb 



' The Square of the Number reprcfentefJ hv d b ^ d^ or 

The Produ<5l of the two Numbers icpreiented by d 
and h is d b^ or 250, and twice that Product 
7. d by QT - - 

The Sam \s dd ^idby or 



v., VI 

hy d^ 
i£i is C 



2500 
500 



3000^ 



The Square of the Number reprefented by b is b or 25 
The Sum is dd+%db+bby or 3025, which is 7 ,^ 
■zz a, or the Number fought - • - 3 ^ 



0,2 



Hence, 



Ji6 J L G E B RJ. 

Hence, 1 fay, there were 3025 Acres in the Park, whlch i$ 



thus proved, from the Conditions of the Queftion, 

The Number of Acres in the Park were 

Now the Square Root of that Number i$ 
From which fubftradting 

There remains what the Queflion requires 



3025 



55 
5 



5? 



i 

! 



QueQion 20. J Perfony who bad been fortunate at Gaming^ 
was ajked how many Guineas he had wofiy to which he an/wered^ 
that If the Square Root of their Number was extra&edy from; 
which Root fuhjiraaing 7, he Jhould then have 16 Guineas^ 
What Number of Guineas did he win 

Let <2 = the Number of Guineas won, ^ = 7, i6» 

Now a Perfon won a Number of) 

Guineas, which call - 3 
The fquare Root of which by Art. 7 

33. is - . \ V 

From which fubftrading 7, or 3, we 

have 

Which ^a-^h by the Qucflion is 

to be eqiial to 1 6, or dy hence 
Now becaufe b is not qndcr the 

radical Sign, therefore tranfpofe b 

then 

All the Quantities not under the ra-"l 
dical Sign being now tranfpofed, 
in order to clear the Equation of 
the Surd, raife both Sides of the 
Equation to the Square or fecond 
Power. But the Square of is v, 
€t^ by Art. 43. and the Square of 
d + d d 2 db b by by 
Art. 32. and making thefe two 
equal to one another, for the Square 
of equal Quantities or Numbers 
muil be equal, and we have 



J 



y/a-^bzzd 
^a-d+b 



That is to fay, the unknown Qiiantity, or <7, is equal tp t\it 
Square of the Number reprefented by dy added to twice the Pro- 
du£fc of the two Numbers reprefented by d and by to which Sum 
add the Square of the Number reprefented by b* 

the 



To reduce an Equation, &c. 



The Square of the Number rcprelcnted by d is d d^ or 256 
The Product of the tvvn Numbers reprefented by d and ) 
^ is or 1 12, and twice that Piodud i^zdby or J 

The Sum is • " 4^0 

The Square of the Number reprefented by ^ is ^ ^, or 49 

The Sum is 2^^ + ^'^j 5^^> which is equal 7 

to or the Number fought - - 4 ^ ^ 

Therefore the Perfon won 529 Guineas 5 and is thus proved, 
from the Conditions of the Queftion. 



I fay the Number of Guineas he won was 
For the Square Root of that Numb r is 
And if from that Square Root we fubftra<St 
There remains what the QiielUon requires 



529 
7 



i6 



Queftion 2i. A Gentleman having fold his EJlate^ an Imper* 
fluent Illiterate Perfon afked him what he had fold it for^ why^ 
Sir^ replied he^ if you extraSi the Square Root of the Number of 
Guineas for which I fold It, and add ij to that Number, this 
Sum vjill be equal to 3 1 7. How many Guineas had ihi Gentle-- 
man for his Eftate f 



4 



Let a — the Number of Guineas for which die Kiiate 
fold, ^ — 17, dziz 317, 

Now the Eftate was fold for 
Number of Guineas, v*'bich catl 
The fquare Root of which by Art. 

33- is - - 

To which 17, or^, being added^ we | 

have - - • j 

Which ^ a -|- ^ by the Qiief^ion is \ 

to be equal to 317, or ^, hence 3 
The Queftion being now cxprelTed 

in Algebra^ and becaufe b \% \ 

not under the radical Sign, > 

therefore tranfpofe ^, and we V 

have - - J 

Now fquare both Sides of the Equa 

tion, and make them equal to one / 

another, for the Reafons mentioned \ 0 

in the two laft Queftions, and we 
* have 



was 



J 



^aArh'^d 



a = dd^Zdb + bk 



From 
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From hence wc know that tf, the unknown Quantity, is 
equal to the Square of the Number reprefented by fubftrading 
from it twice the Produ6\ of the N-i miners reprefented by d and 
^, and adding to the Refnaindec the Square of the Number re* 
preiented by h. 

The Square of the Number reprefented by is 7 « 
dd^ or - - - - I 4 9. 

The Produ£l of the two Numbers reprefented by *) 
b and d is db^ or 5389, and twice that Produd is L 107 7S. 
%db^ or - - - 3 

Which fubftra(Sted, the Remainder is dd^^ o.db^'^ ^ ^ 

. The Square of the Number reprefented by ^ is 7 ^o. 
Ib.ov' - . . 3 

The Sum Xzdd — idb + bb^ or 90000, which ) oooco 
is equal to a, and is the Number fought • 3 ^ 

And that the Eftate was fold for 90000 Guineas, is thus 
proved from the Conditions of the Queftion. 

I fay the Eftate was fold for - 90000 Guineas 

For the fquare Root of that is - 300 

To which if we add - - 17 

The Sum is what the Queftion requires - 317 

Que fl ion 22, A ycung Gentleman^ when he came of Age^ ajked 
hh Guiirdian the annual Rent of the Rftnte his Father left himy 
to which he w:xi anltueredy that if he exi railed the Jquare Root of 
the Number of Pounds for ujhsch the Ejtaie ivas rentt^dy and t9 
this Root If he added 27, w^iuld be equal to 100 Poundu 
/Fhai -ajui the annual Rent of the EJlaie ? 

LcL a — the Rent of the Lftate, 772 — 27, x =: lOQ* 



Now the Rent of the Eftate was - 
The fquare Root of which by Art. 

33* is - - - 
To which 27, or /w, being added, we 

have - - 
Which by the Queftion is to be equal } 

to ICO, or Xy hence - 3 



I 

2 

3 
4 



a 

s/ a 



To reduce an Equation, &c. 1 1 5 



The Q^ieftion be in 2; now exprefled ^ 
in Algebra,, beein by tranrpofing / 
for the Reafons niciuioned in I 
the former Queftions, and then l 
we have - - J 

Now fquaring both Sides of the E- 
quatlon, to take away the r^^dicji 
Sign, as was done in the foregoing 
Queftioiib, aud then have - 



And there being no more Quantities to be tranfpofed, the 
Que fl ion is folved j for we may find the Value of a in Num- 
bers from the Algebraic Work, thus : 



'I 



. The Square of the Number reprefented by .v ;s xxy or lOOOO 

The Prodacl of the two Numbers reprefented by' 
the Letters x and m i^xin^ or 2700, and twice that 
Produit is 2 A-7/;, or 

Which fubftradted leaves xx — 1 x or 
The Square of the Number reprefented by m is m rn^ or 

The Sum is 5329, oxxx — ^xm^mm^ which is > 
equal to J, or the Number fought - - i 



5400 

4600 
729 



5T 1 1^ 



And that the annual Rent of the Eftate was 5329 Pounds, 
is proved from the Conditions of the Queftion. 



I fay the annual Rent of the Eftate was 

For the fquare Root of that is 

To which there being added 

The Sua) is what the Queftion requires 



5329 Pounds 

73 

2 7 



100 



Queftion 23. To find that Number to wblcb 1290 hin^ achld^ 
if the fquare Root of this Sum is extra£fedy from which Roetfub* 
Jira£iing 29, the Remainder may be ji. 

Let a iz the Number fought, ^ =s 1 290, </ =: 29, ^ = 71, 

There is a Number fought, which ^ 



I call 

To which 1290, or b, being added, } 
we have - - J 

The iquare Root of which Sum by 7 
Art, .U- is - - 3 



\/a-f-b 



From 



i2Q 
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! 



> 



From which fubftradling 29, or 1 

df we have - - j 

Which by the Q^ieftion is equal 

to 7 1, or A% hence 
Now begin the Solution with" 

tranrpofing d^ it not being 

under the radical Sign> and 

then - - , 

All the Quantities on one Side-^ 

of the Equation being now 

under the radical Sign, to 

take away that, as the un- 
known Quantity is under 

it,- fquare both Sides of the 

Equation as before. Now the 

Square of ^/^ + ^ is + 5, 
by Art. 43* and the Square 
of x-^ dhxx'^2xd'f-dd, 
by Art. 32. and as the Squares 
of equal Numbers, or Quanti* 
ties, mufl be equal to one ano- 
ther, hence - 

Now tranfpofe It being ^] \ s\a:=: xx+2xd+ dd-^t 
known Quantity, and then ^ » » 

From whence we may^nd the Value of « in Numbers. 

The Square of the Number reprefented by *is * jf, or 504 1 
The Product of the two Numbers reprefented by 1 
and d is x dy or 2059, and twice, that Produ^ \s> 4118 
< — • » 



2xdy or 

The Sum isxx ^2xd^ or 
The Square of the Number reprefented hyd isd d^ or 

The Sum is ;r ^ + 2 Af ^/-f. 

from which fubftradting the Number reprefented by h 

There remains S710, cv x fi: 2 x d d d^b^ 
wiuca ic> ^ (iy or the Nuajber fought 



9159 

84 r 

1 0000 

T290 

} 8710 



And is thus proved from ihs Conditions of the Q^eiliou. 



I fay 



To reduce an Equation, Sfc, 

1 fay the Number fought is - - 

For if to that wc add * * - 

The Sum is - • • • 

The /quare Root of which w * - 

From which fubffarading - * 

There remains what the Queflion requires 



121 

8710 
1290 



1 0000 



100 
29 



71 



Queftion 24. jt Perfin being ajked his Age^ replied^ that if 
from Age you fu\ftraSt 11, and extraCf the fquare Root of the 
JUmalsder^ to which Root adding 13, this Suin will be equal t9 
20. What was the Age of the Perfon ? 

Let a r= the Number of Years, or Age of Ihc FetCeaj 

^ = II, ^ = 13, ^= 20. 



Now the Age of the Perfon is 

From which if we fubfb:a<^t.ii, \ 
or by we have - j 

The fquare Root of which by } 
Art. 34.. is - - 3 

To which adding 13, or we ) 
have - - J 

Which by tlic Queiiion is equal 1 
to 20, or d i hence we have J 

The Queftion being thus ex« 
preiTed in Algebra^ and m 
being under the radical S _ 
therefore tranfpofe m ; then 

Now fquare both Sides of the'' 
Equation, to clear it of the 
Surd, as in the former Que- 
ftion]. But the Square of 

by Art 



> 



\/ a^b^ v&a — ^, 
43. and the Square of d^m 
by Art. 32. \% dd^%dm 
-{-mmi then as the Squares of 
equal Quantities are equal, we 
have - - 

And by tranfpoilng b we have S\a=:dd^ 2dm J^^mm-i-b 

By which we find what a is in Numbers. Thus, 



a-^b 




y/a'-^b^d — m 



a^b^dd^2dm'^mm 



R 



The 



iz2 ALGEBRA. 

The'Square of the Number reprefented by d is dd^ or 40^ 

The Product of the two Npmbers rcptefented by ^ } 
and m is dm^ or 260, and twice that Produd is 2 dm^ or 3 

Which 520 fubdraded from 400, leaves dd'^idntyl """"^^ 
Of — 120, (fee the Numerical Work in Queftipn6.) 3 '^^^^ 

The Square of the Number reprefented by m ism or 169 

Which 169 added to— 120, makes — 2 d 
«r -4. 49, (fee the Numerical Work in Qs^eftion 6.) I 

To which adding the Number reprefented by ^ - w 

Tbe Sum is 60, which I i'ay 13 z:^ or the Age of the ) c 
Pcrfon - • . . % 

And IS proved from the Conditions of tbe Queftion, thus : 

I fay the Perfon wns - -60 Years ol4 

For if from that you fubdra*^ * - 1 1 

There remains • •» - 49 . 

The iquare Root of which is « • 7 
To which adding - - -13 

The Sum is what the QueilLon requires 20 

Tc? reduce an Equation by Evolution. 

50. This is done by the Extra£iion pf Roots, for if after aU 
the known Quantiiies have been carried to the other Side of the 
Equation from the unknown Quantity^ it appears that one 
Side of tbe Equation is the Square^ Cube^ or any Power of tbe 
unknown Quantity, then extrad fuch- Root of both Sides 
of the Equation as will deprefs or tower this Power of the un-^ 
known Quantity to the firft Power 5 that is, if one Side of the 
Equation is the Squan of the unknown Quantity, then the 
Sqnare Rp&t mull be cxtra6^cd ; and if it is the Cuh of the un- 
known Quantity, then the Cuh Root mud be extra^ed, and 
£b on, which depreifing the unknown Quantity to the firft 
Power, tbe Queilion is anfwered, 

Qiieftion 25. IVhat h jhoi Numhift if t9 the Sqttfirt ef which 
there is 51 added^ the Sum may he lOO^ 

Lettf the Number fought, h zi 51, msst 100. 

Now 



To reduce aa Equation, 

Now there is a Number fought, which > 
I call • . - J 
The Square of which by Art. 31. is 
To which 51, or ^, being added, we 1 
ave - - - 5 



ia3 



have 

And this a a -^^ his by the Queftion to 

be equal to 100, or m ; hence 
The Queftion being exprefled in Ji- 

gehra, begin and traafpofe b ; then 
The known Quantities being now 

on one Side of theEquation^ and the 

other Side being a ay or the Square 

of a J therefore by the Rule extradt 

the fquare Root of both Sides of the 

Equation. Now the fquare Root of 

«tf is tf, by Art. 33. and the Square 

Root of m^Bh^m — by Art. 
34. and as the fquare Root of equal | 
Quantities mull be equal, therefore J 

Hence tf, or the Number fought, is equal to the Number 
reprefented by fubflra£king from it the Number reprefented 
by hy and extracting the fquare Root of the Remainder* 



aa 



a a -I* h 
aa-^-h-^m 



a^ ^ m — k 



The Number reprefented by ot, is 
From which fubftra^ting by or 

There remains m*^ by or 

The fquare Root of which isy/m 
is equal to a, or the Number fought 



^,or7, 



and 



100 

7 



And is thus proved ; 

I fay the Number (ought ia 

The Sqiiare of which is 
To which add.ng 

The Sum is what the Que^lon requires 




Queftion 26, J Merchant had gained fi many PoundSy that if 
from the Square of their Number is fubjira^ed 10 1, and to the 
Remainder add 500, this Sum wtli be 3COO Pounds, Whfit had 
the Merchant gained ? 



Let 



124 
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Let a = the Gain of the Merchant, ^^loi, f«=::joo^ 
^i=:3000. 



Then a Merchant had gained a certain 

Number of Pounds, called 
The Square of which is by Art. 31 1 
From which fubilra6^ing loi, 01 by we 

have - - 

To which adding 500, or we have 
This, by the Queftion, is to be equal 

to 3000> or^j hence 
By tranfpofing m we have - 
By tranfp fing ^ it is 
By extrading the fquare Roots, as at the 

ftxth Step of the laft Example ; then 



I 

% 

3 
4 

5 

6 

7 
8 



a 

aa 

aa^b ~ f 

aa zz. p — m -}~ h 



That is, a is equal to the Number reprefented by fub- 
Ura^ling from it the Number reprefented by m, and adding to 
this Remainder the Number reprefented by b, and extraSing 
the fquare Root of the Sum, 

The Number reprefented by p is - - 
From which fubftradling m, qr 

There remains ^ — «, or ^ - • 
To which adding ^, or * 

The Sum is /> — 4- i', or 



The fquare Root of which is ^p*^m^ b^ Qt 
51, equal to a, the Number fought 



3D00 

2560 
101 

2601 
51 



And is thus proved, from the Conditions of the Queftion« 



I fay the Merchant gained 

For the Square of that is 
From which fuhilra6ting 



5 1 Pounds 



re remains 



The 

l o which adding 



2661 
lOI 

2500 
500 



The Sum is what the Queilion requires - 3000 

Quef^ion 27. If ta tie Square of the Number of Mile^ <7 Per^ 
fon had iravelhd there h added C)i^ fuhftr aiding from the Su^ 
2^T, and adding to the Remainder i6o, this §um wiU bi 1P006» 
Hqw man^ Miks had ht travdUd^ 

Let 



To reduce an Eq^uation, ^c. iz^ 
Let 41 r: the Number of Miles he had traveUedj ^ = 97 

f»ss 25I> lii^z: 1609 2=sI0006. 

Then a Pcrfon had travelled a cer- 
tain Number of Miles, called 

The Square of which is by Arti- 
cle 31, 

To' which adding 97, or it is 
Prom which fubftrail^ing 251, or| 



gives 

To which adding 160, or A", it is 
Which by the Qucftion is to be 
equai to 10006, or a, whence 

By tranTpofing x it is 
By tranrpofing m wc hava • 
By tranrpofing h then 
By extrading the fquare Root, as 

at the eighth Step of the lafi 

Example, we have 



I 



a a 



10 



That is, from the Number reprefented by 2, fubftraa tho 
Number reprefented by ;p, to the Remainder add the Number 
reprefented by m, from which Sum fubftraa the Number reore- 
fented by ^ extraa the fquare Root of the Remainder, and it 
will be the Number fought. 



The Number reprefented by z Is 
From which fubftraaing or 

Thereremainss— x*, or 

Tp which adding 7/z, or « 

The S( im IS Z X -|- TTly OP 

From which fubllracting or 
There remjjins 2 — * 4* ^ ~ ^» 



10006 
160 

9846 
_ 251 

10097 

97 



The fquare Root of which, or*/*-~'*' + 
the If umb^r fought . 



10000 



m 



100 



PROOF* 



\z6 
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PROOF. 

I fay tlic Pcrfon had travelled 

For the Square of that is - 
Xo wbich adding 

The Sum is - • 

from which fubflra^iflg 

There remains 
To which adding 

'JThe Sum is what the Queftion requires. 



100 Milei 



ioooo 
97 



icoqy 

9846 

160 

ioooiT 



Queflion a8. A General^ upon numbering his Army^ fiundy 
that if from the Square of the Number of Men in his Army^ there 
was fuhJiraSted 3196, and to the Remainder adding 272/, front 
vjhioj Sum fuhflra^lng 17 1 1, there would remain 99997814. 

fiitd tht Number of Men in the Army f 

Let a = the Number of Men in the Army, ^ = 3196, 
mzzzyzi, Jf=: 171 1,. » =599997814, 



The Number of Men in the Army 1 1 ^ 

was - - 3 I 

The Square of which is by Ar- 1 ' 

tide 31. - - 3 

From which fubftra^iing 3I96>| 

Of ^, it is - - J 
To which adding 2721, or my} 

gives - - J 

From wbtch fubnra£ting 17 11, 

hr we have 
Which by the Q^ieftion is equal to 2 

99997814, oTz; hence S 
Yiti\y by tranfpofing - ^ 

By tranrpofing m - " 
tranrpofing h - « 

extracting the fquare Root, as 7 

in the former Examples - S 



3 
4 

5 
6 



9 
10 



aa 

aa-^h 
aa-^ b + nt 
a a »^b'\' m^^x 

a — ^ ^ m — X = z 

a a — h-^ tn n z -I- Jf 
d a — b "z. '\- X ^ nt 
a a X -\- X '^M'^^ b 



By Numbers thus : 



% IS 



To^ reduce an Equation, 



2 is In Numbers 
To which adding A", or 

The Sum is « + or 
From which Tubftrad^ing m, or 

There remains z 4- ^ — ^9 or 
To which adding ^, or 

The Sum is z + a* — m '\- b>, or 
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99997IJ14. 
1711 

999995^ 

7.721 



99996804, 
3196 



lOOOOCOOO 



The fquare Root of which \& or the Number 7 
fought - J 

Which is thus proved : 

I fay the Number of Men in the Army were 

For the Square of that is - - 

From which fub(lra6iing 

There remains - • - 

To which adding * . • 

The Sum is - - - 

From which fubftiadling 

There remains what the Queftion requires - 



lOOOO 



lOOOO 



lOOOOuOOO 

3'9^ 

99996804 
2721 

99999525 
i7H 



99997^14 



51. Thefe being the particular Methods by which Equations 
are reduced, *or Qucftions anfweied, we fhall now add fome 
Examples where all thefe Methods are promiicuouily ufed, 

Queftion 29. A Merchant broke for jo many Pounds^ that if 
thiir Number was multiplied by 4, and the Frodu£i divided by 6, 
0nd extraSiing the fquare Root of the ^otient^ from which fub- 
JiraSting 60, there remains 40. fVhat was the Sum for whieb 
the Merchant broke ? 

Let = the Number of Pounds fought, ^ = 4, d=i6^ 
m ssi 6O9 p = 40* 



Then the Merchant broke for a 
Number of Pounds, called 

Which multiplied by 4, 01 we ] 
have • - 3 



} 



This divided by 6, or we I 
have - * > 



ba 
d 



The 



} 

} 



riS A L G 

The i<tiiare Root of which ) 
is by Art* 33. - 3 

From this fubflrading 60^ 
or we have 

Which by the Queflion is 
equal to 40, or py hence 

Becaufe m is not under the 1 
radical Sign, therefore > 
" tttlnlpofe it, by Art. 49, 3 

Now fquaring both Sides of 
the Equation by Art. 49 

And multiplying by dy by 
Art. 47» then 

^ejeding d from 

d 

and putting down the I 
other Quantities without ' 
any Alteration^ as at 
Al t. 47. we have 
Dividing by by Art* 48* ) 
then • •J 

Reje^Ing b from ant?l 

puttin:i down the ' 



} 



other 

Qi^iantities without any 
Alteration, as at Art. 
47, or 4B, we have 

In Numbers thus : 



E B RA. 

ba 



4 

5 

6 

7 
8 
9 



10 



II 



a 



ha 



d 
dba 



dppJ^zdpm+dmm 



bazzdpp-^^idpm+dmm 



dpp + 2dpm-{'dmm 

b b 



dpp'^^idpni'^' dmm 
b 



dppzz 9600 
4- 2^^;nr= 28800 
dmm=i 21600 

Sum 60000 or dpp zdpm^ dm m 

Now dividing 60OCO, ox d p p % dp m + d mm^\>y /^^oi by 
we have dpp ^^dpm + dmm^ ^^^^^^ ^.^j^^^ hyi^zzi 5000, 

b 

which is equal to tf, or the Number of Fouads for which the 
Merchant broke* 

1 PROOF, 



To . reduce an Equation, 129 



PROOF. 



15000 

4 

6)60000 

10000 (100 the {quarc Root of 10000 

60 



40 as the Queftion requires* 

Qucfticn 30. Gentleman havi/tg bought a Houfe^ and being 
difpofed to try the Knowledge of his Son in Algebra, told him^ if 
the Number of Pounds the Honfe cojl was d^z ided. by 8, and that 
^otient multiplied by 50, and extraoiing the jquure Root of 
the FroduSf^ to which adding lO, thh Sum would be bo Founds* 
What did the Houfi coji f 

Let <7 ~ the Piice of the Houfe, ^ = 8, <^ = 50, m = lO, 
^ = 60. 



Now the Price of the 7 

Houfe is - 3 

Which divided by 8, or 7 

it is - - j 

This multiplied by 50^ or 7 
dy we have - J 

The iquare Root of which 1 
is, by Art. 33. - j 

To which adding 10, or « 

This, by the Queftion, is 7 
equal to 60, or />, hence X 

The Queftion being now-v 
expreffed in Algebra,^ and 1 
m not being under the > 
radical Sign, tranfpofe it I 
by Art. 49. then - J 

Now fquaring both ? des of) 
the Equation, by Art. 49. 3 

And muhiplying by by 
. Art. 47* 



5 

6 



3 



8 







a 




1 

da 




b 

yda 














— w 


da 


2pm- 


h da , 


•^Zbp 



mm 



Reje^^ing 
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putting down the reft as ^ 1 1 o 
at the twelfth Step of 
the laft Queftion, then 
Dividing by by Art* 48. Y 
then - - I 

Reje^ing d from 



eje^ing d from and 1 

putting down the reft as | 
at Art. 47, or4S. and J 



II 



12 



da=^bpp — 2 hp in h mm 
da ^bpp — %bp rn[-\-hmm 

1 d 



^ ipp— 2 bp mA- hmm 



In Numbers : 

hpp = 2^800 
2 ^ / W = 9600 

19200 

J^hmmzz 8co 

400i=^> the Number of Pounds the 
Houfe coil* 

PROOF. 

8)400 



50 
50 



^500 {50 the Square Root of 2500 
10 

60 as the Qt^eftion requires. 

CONSECTARY. 

If the Reader compares the eighth, ninth, and tenth Steps of 
the laft Work, he will find that to multiply any Fraaion by^ its 
Denominator, or any Dividend by its Divifor, is only to rejea 
the Denominator, or Divifor, from that Quantity, and multiply, 
it int6 ail the other Quantities s thus, the Equation at the eighth 

Step zz pp-^-zprn-^mnii which being multiplied by 

Its 



To reduce an Equatioo> 



it$ Denominator ^, we have at the tenth Step da=shpp 

T-'lhpm^hmmi th« ninth Step, ot ^~^=shpp^o.bpm 

b 

+ hmm, being only a more particular liluftration of the 
Work. 

And by comparing the tenth, eleventh, and twelfth Steps of 
the fame Work, it appears, that to dvAdc any Quantityv by 
any Letter in that Quantity, is only to reject chat Letter Iroin 
the Quantity, and placing it as a Divilor to the other Quan» 
titles; thus, at the tenth Step, the Equation h J ^ — h p p 
7, hpm-^- h m nty which being divided by d^ gives at the twelfth 

Step a = i>PP-^l'f^-^l>«"» . the eleventh Step or 

^ PP ^- ^'P^ ^- ' -"^^ being only a more particular Iliuftratlon 
of the Work. 

Therefore we ihall for the future leave out fuch Steps as the 
ninth and eleventh : I did not choofe to do it before, my Defiga 
being to make this curious Science as eafy as poffible. 

Queftion 31. A Running- Footman hiing feni of an Errand^ 
was toldy that if he fquared the Number of Mies he was to ruuy 
and multiplied the Square by 4^ and divided the FroduSl by 40, 
to this ^otient adding 500, from which Sum fubftra£iing 14.00, 
and extraSling the fquare Root of the Remainder^ it would be 10* 
How many Allies was the Footman to run f 

Let a the Number of Miles the Footman was tJ nittj 
^ = 4, d^^O^ m-zz^OO, X ::z 1400, p — 10, 

The Number of Miles the Foot- 
man was to run let be 

Which being fquared is by 
Art. 31, 

This being multiplied by 4, 
or b^ we have 

This bejng divided by 40, or d^ 
it is 

To which auding 500, or my 1 
gives - - i 



i 



3 
4 



a a 

baa 
baa 

baa 



+ m 



Frosn 
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From which fubftra^Siing 1400, 7 
or ;r, we have - ' 

The fquare Root of which is 7 
hy Art. 34, • i 

Which by the Queftion, is equal \ 
to 10, or^, therefore - 3 

Kow fquare both Sides of the 7 
i^uation, by Ait. 49. and 3 

By tranTpofing we have - 

By tranrpofuig we have 

By multiplying by ^ by the 7 
CmfeEtary^ Page 130. - 3 

And dividing by b by the Cqh- 
JeSiary^ Page 130. 

Kow extra6bing the fquare Root, 
by Art. 50. 



7 
8 

9 

10 

II 

12 

J3 



-|- »i — ;ip 



7" 



^ <7 ^7 



^ ^ 



4- w — xz^fp 



d 

baa 

dppA- dx~dm 



/dp U-^dx — dm 



In Nuaibers : 

4sf^^=:4000 

fj^dx = 56000 

60000 

< 

w^dmzs — 20000 

^ ^ 4.) d-OOOO 

• 10000 (100 the fquare Root of 10000, hence 
the Footman was to run lOO Miles. 

PROOF. 



r^aat _ 1400= 10 
40 

T have not drawn out the Proof of the lad Queftion fnto Par- 
ticulars, but only exprelled it at once ; that is, four times the 
Square of a (which is found to be ico) being divided by 40* if 
to ih? Quotient we add 500, and from this Sum fubftraft 14OO, 
tiie fquaTe Root of this Remainder will be equal to 10. And 

now I fl>ali e;fPr€f3 all the CoAdiuons of the Queflion at thefirily 
* fquatloJiy 



To reduce an Equation^ Qc* 



Equation, that the Learner may form fome little Tudgment in 
what Manner to fhortcn his Work; and if lie conceives how the 
Proof of the laft Qyeftion is exprefled, it will eafily lead him to 
the Knowledge of expreffing the Conditions of the Queftion, or 
raifc iuch Equations as arife from the Queftion without parti- 
cularizing every Circumftance. But if the Learner iinds any 
Diificuky in this, he may proceed as before. 

Queftion 32. J Genth?nan who had hetn at the Gaminvm 

■ t;,. J i.c^ /I— ij- A • ^ » f. © 



by 4, multiplying this Quotient By 10, to which Product add 
3900, thin extraalng the fquare Root of this Sum^ from which 
fubjiraaing 80, the Remainder will he equal to go. HuW much 
hadbelojif 



m 



Let a = the Number of Pounds loft, ^ = 4, d—10 
= 3900, /> = 80, a = 90. * 



Then by the Queftion 

By tranfpofing it 
not 

radi 

49 

By fquaring both Sides 1 
of the Equation^ by r 
Art, 49. then - J 

By tranfpofing m> it is 

Multiplying by ^ by y 
the Confe<£iary, Page [► 

1 30. - 3 

Pividing by d by the ) 
fame - - i 

Extra£^tn.<r the fquare 7 
Root, by Art. 50. | 

In Numbers : 



5 

6 



Ida a 

y/ -J- /w : — 'p ■z^% 



(da a , , 



da a , 

— + f» = ZZ + 2zp +PP 



da a 



IZ%Z + 2zp + pp^ 



m 



daa — b%xJ^i.b%p -\-hpp — bm 

aazz ^^^-h^hzp-^ifpp — i,m 

d 

^^ •^p-\- hpp^bm 

2 f^. 



dz z 
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2^s;^r:576oo 
hf p^ 25600 

H5600 

— . i> »i = — ^ 1 5600 

d ZZ l\0 ) I0Q00|0 

• • • 

10000 (100 the Number of Pounds Joft. 
I 

mm itmmmmmm 

o 

PROOF. 

/i oaa , 

^ . + 3900 : — So = 90 

4 

reduce an Equation when the unknown S^uantity 

is in fever al Terms* 

52. When the unknown Quantity i$ In more Terms than 
one, bring all thofe Terms which have the unknown Quantity 
to one Side of the E<)uation, taking Care that the gnattfl Co^ 
effictent of the unknown Quantity has at laft the affirmative 
Sign, and carrying all the Quantities that are known on the 
other Side of the Equation; then divide both Sides of the 
Equation by all the Co- efficients of the unknown Quantity, con- 
nected with the fame Signs of -|- and as they then happen 
to have, which will reduce the Equation, as in the following 
Examples. 

If the unlcnown Quantity fhould be in more than two 
Terms, tranfpofe thofe Terms in fuch a Manner, that the Sum 
of the pofitive Co-efficients of the unknown Quantity may 
exceed the Sum of the negative Co-efficients of the unknown 
<^antity, and then divide as before dire£led. 

Queftion 33. There is a certain Number which being multiplied 
by 10^ if this Product is divided by 2, to this ^otient adding 19, 
and fuhpranlng 99 from thai Sum^ the Remainder will be equal 
to the Number fought* 

Let a ssi the Number fought, b = io>. if =s2, i» = 19, 
2 By 



Tl q reduce an Equation, S^c. 
By the Queftion 



J35 



By tranrpofing s ^ 
By tranrpofing m 

By multiplying by d by the 7 
Ccnfi£faryy Page 130. • J 

Becaufe d is lefs than tranf- 
pofeda^ that both the Terms 1 
which have the unknown > 
Quantity, may be on the fame 1 
Side of the Equation, then J 

And dividing according tojthe 
Rule by ^— ^, the two 
efficients of a, we have 



> thel 

,c.. 



ha t 

— . -4- — "as ssa 
d ^ 

d 



d 



ba-zida-^d^^dm 



ba^^da^dz-^dm 



azz 



dz — dm 



= 20 the 



Number ibught. 



MO a 



PROOF. 



+ 19 — 99i=:tf 



The Divifion at the fifth and fixth Steps, viz. that ba^da^ 
divided by h-^d, {hould leave only may perhaps a little 
perplex the Learner j and if it does, I advifc him to examine 
j^rt. 10. where he may obferve, that in multiplying any com- 
pound Qijantity by a frngle Letter, that Letter goes into every 
Term of the Produd> therefore the Multiplier is not fo many 
Times that Letter as the Number of Terms arc in which that 
Letter is found, but only that fingte Letter multiplied fuc* 
ceffively into all the other Quantities; hence, if this Produd 
is to be divided by all thofe Quantities, the Quotient will be 
the fingle Letter, and not fo many Times that Letter as the 
Number of Terms are in which it is found. See farther the 
Proof of the QueHion 38, and Art, 22. 

Quefiion 34. J Gentkman bought an EJiate fir fo many Pounds^ 
that if they were multiplied hy 4, and this Produ£I divided by 5, 
from which ^otient fuhJiraSiing 600, and adding td the Re^ 
mainder 6 Times what the EJlate cofly this Sum will be equal to 
6200 Pounds^ How mwh did the Bflate cojl f 

Let 
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Let = the Number of Pounds the l-itatc coft, ^ = 4» 
=: 5, = 600, ^ ^ 6, ^ = 6200. 



Then by the Queftion 

By tranfpofing 777, we have 

Multiplying by d by the Con* 
JiSfaryy Page 130 

Dividing by h -^- dpy the Co- "> 
efficients of as in the ]aft S> 
Queftion, and we have - 3 



2 
3 



-^<af^tf = </A'-^ dm 

dx-4-dm 

-J- s 1000 



a zz 



b + dp 



Therefore the Eftate coft 1000 Pounds. 



PROOF. 

if — 600 + 6 <z = 6200 
5 

Queftion 35. yf Perfon had a certain Number of ShilUngi\ 
which 77iuh'ipHed hy 4, this Produfi being divided by Jl, to the 
Quotient adding 90, and from this Su?7l taking away 30, the 
Jquare Root of this Remainder ivi/i be equal to the Jquare Root of 
the Number of Shillings fought^ after being diminijhed by 10. 

Let a rr the Number of Shillings fought, ^ =: 4, </r= It, 
X = 90, 30, z =: 10. 



Then by the Queftion 

Becaufe there is no Quantity on 
each Side of the Equation but 
what is under the radical Sign, ^ 
therefore fquare both Sides of 
the Equation, by Art. 49. 

Multiplying by d by the Con- 7 
feSiary^ Page 130. - J 

Becaufe </, one Co- efficient of tf, 
is greater than I, the other 
Co- efficient of tf, tranfpofe 
h a, then 



a 



b a , 

l-AT— ^=:fl Z 



3\ba + dx — dp=zda — dz 



dx — dpz=^da — d% — ba 



Tranfpofing 



To reduce an Equation, &c. 



Tranpofmg i/jK 

Dividing by d — the two \ 
Co*effic:eiits of as atQ^ 
Qucftion 33. Step 6« weT 
have ^ . . } 



'37 

(the Number fought* 

If the Learner choofes to have the unknown Quantity 
on the left Side of the Equation, he might have put the 5th Step 
thus, da — ba=^d7i dx^dpy this being only to change 
the Sides of the Equation, not to alter their Value. 

PROOF. 
If tf—iio, thenvXYY' + 9^ — 30= y/^y — 10 

Quedion 36. A Runnings Footman forward to Jhow his Learn* 
ing^ being In Company^ faid^ if the Numher of Miles he had run 
was mttltipiiedby to which Produ^ft adding 550, and fuhfira^" 
ing 20 ff'om that Sum^ and dividing the Remainder by 10, the 
fquare Root of the patient will be the farne^ as if you added 
14 Miles to thofe he had run^ andextra^ed the fquare Root of 
that Sum* 

Let a IT the Number of Miles he had run, ^ = 7, ^ = 55^, 
m = 20, p =r 10, X ~ 14. 



Then by the Queftion 

There being no Quan-->^ 
tity without the radi-v 
cal Sion, therefore fquare v 
both Sides of the Equa-f 
tion as at the fecond Step\ 
of the laft Queftion - -J 

Multiplying by p by the 1 
ConfSiaryy Page 130. J 

3ecaufe p^ one Co efficient 
of is greater than h^ the 
other Co-efficient of 
therefore tranfpofe b a 

By tranfpofing px 

Dividing by p — by the two •\ 
Co-eSicients of ^, as at f 
Qiieftion 33. Step. 6. we | 
have - J 



5 

6 



n,a^d—m _ ■ 



baA-d — m , 
— ^ = a + x 



ba^\- d — ?n ^ pa px 

d-^m^pa-^- p x-^ba 

d^ m-^px'szpa^ha 

d ^m — t X 
a zz ~— = X 30 the 

P — h 

CNumbeiot Miles required^ 

PROOF. 
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10 



Vtf H- 14 



£? r^itf<rtf <9» Equation when the fame ^antity^ either known 
cr unknown^ is in every Term of the Equation. 

53. In any Algebraic Operation, if the fame Quantity, either 
known or unknown, is in every Term of any Equation, then 
divide every Term of thi Efuatim hy that ^antiiy^ which will 
reduce the Equation to more ftmpU Terms^ as in the following 
Qoeflions. 

Queilion 37. To find a Numher which multiplied by 4) and 
the ProduSl added to the fame Number multiplied by 56, and 
divided by 7, this Sum will be equal to the Square of the Number 
fought. 

Let a = the Number fought, ^ = 4, 56, w = 7. 



Then by the Queftion 

Multiplying by m by the ^ 
Conjetlary^ Page i 30. J 

Becaufe a is in every Term 1 
of the Equation, divide ^ 
by ^7, then - - 3 

Divi«3ing by w, the Co. 
efficient of by the Con- 
fUiarf^ Page 130. and 



X da 
0 a -J- — :zz o a 

m 

mba^dazzmaa 

in h d^ ma 

(ber fought. 



m 



PROOF. 

I 56 a 
j^a -J- — :=aa 

7 

Queftion 38. There are two Towns at fuch a Dijame^ that if 
the Number of Mies between them is multiplied by jg, and thts 
Produa added to their -Dijlance^ the fquare Root of thts Sum will 
i,f equal to the biftancf of the two Towns multiplied by 2. 



To reduce an ^uation> 

Let<7=r the Diftance of the Towns, ^ = 79, m = 2. 

Then by the Queftion 

There being no farional Quantities on y 

the fame Side of the Equation where f 

the riidical Sign is, fquare both Sides.^ 

of the Equation, and _ . ^ 
Dividing bv it being in every TcfOi ) 

of the Equation, and - - J 



Dividing by m niy the Co-efiicient of | 
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^^tf + tf = ma 
ba-^-a zzmmaa 

b ^ I =im m a 



■ ■ = 20 



?nm 



Hence the Diftance between the two Towns i$ 20 Miles* 

PROOF. 



^79tf 4- a^2a 

If the Reader does not eafily conceive that dividing ha 
ox ha I a at the fecond Step, by<7, gives ^ -f- i, as at the 
third Step, I advife him to confider what is faid at Quedion 

33 ; to which may be added, that ^-|-ix^ = ^tf + <7, whereas 

b-{^iX2a^2ha^%a^ a Pr6du£^ very different from 



ba + a. Or it may be explained thus, 

the a being rejedlcd by Art. 22 and 26. 



-j- la 



The Manner of regrjlenng the Steps of an Algebraic 

Operation explained* 

54. Having explained to the young jfnalyft the different 
Mechods of mannging Equations, to fave the Trouble of ufing 
fo many Words, 1 fhall now fbow him the Method of r^gtjler- 
ing the StepSy introduced by the ingenious Dr. Jt^bn PelL 

To ngijier the Steps of an Analytic Operation is only to ex- 
prefs in the Margent of the Work by Symhohy inftead of Words, 
what has been done; and to render it as eafy as may be to 
the Learner, we ihall refume the Wofk of one of the former 
Qucftions, and exprefs by Words what is done in one Column, 
in another Column exprefs the fame Thing by Symbdsj or 
Chara^rs, and in the third Column place the Work itfelf, 
that by comparing the Operation with the Obfervations that 
follow it, the Reader may the more cafily underftand the 
Manner of regtfiering the Steps. 

T 2 Queftion 



140 



ALGEBRA. 



Queftion 39. A Running- Footman hewg fent of an En-anJ^ 
was toU^ that if he fquared the Number of Miles he was to run^ 
ifnd multiplied it by 4, and divided the Predua by 40, to this 
^otient adding 500, from which Sum fuhjiraaing 1400, and 
exiraaing the [quart iUot <?/ the Remainder, it would be IQ, 
Hqw many Miles was the Footman to run r (ibis U Qucft. 31.) 

Let <2 the Nupiber of Miles the Footman was to lun, 
^ =: 4, ^ = 4.0, w = 500, * = 1400, i> = io. 



Then, by theQucftion, we have 
the fame Equation as at the 
eighth Step, Queftion 31. 

; Regifier 
Squaring both Sides of 

i;he Equation, pr in- 

volving them to the 

fecond Power, by 

Art. 49. 
Py tranfpofing x at the 7 

fecohd Equation 3 
By tranfpofing ;/i at the | 

third Kquatidh - 3 
Multiplying the fourth 7 

Equation by ^ - 3 
Dividing the hfthgqua- 7 

tion by ^ - - i 
Extraaing the fquare ^ 
• Root of the lixth E» K 

t. 50. 3 



4 X ^ 

« 

6 uu 2 



3 

4 
5 

6 



h a a 

h a a 
baa 



haazzdpp'^-dx — dnt 

dpp + dx— / '2 
aazz ' 



fapp-'rtlx-^cfm 



quation, by Art. 50 

For another Inftancc let us take Queftion 33. 

• •■ ' * * ' ' ' . • . 

Queftion 40. There i< a certain Number, tvhich being multiplied 
^ '\r,, if this Produa is divided hy 2, to this Quotient adding 19, 
tfW fubftraeiing c^<^ from that Sumy the Remainder will be equal 
to the Number fought. 

Let a = the Number lought, ^=10, <s^=2, = I9> 



To reduce an Equation, Gf^, 

Then by the Qucftion - 
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By traofpofing 2 from the 7 
firft Equation - f 

By tranfpofing m from the 
fccoiid Equation - 

MuMpiying the third E- 

quation by ^ 
By tranrpofing d a from 7 

the fourth Equation j 

Dividing the fifth Equa- 
tion by ^ — the two 
Co-e£^cients of ay by 
Art. 52» 



1 



Regifler 



3 

4 
5 



ha , 

4» 



d 

ha 



= da'\-dz—dm 
ha — dazz.d%^dm 



dz — dm 



From thefe two Fxnmples we may obfcrvc, that to regtftet 
any Operation, is only to put down the Figure which ftands in 
the Column agatnft that Equation> from which we intend 
to raife the next Equation, and after that the ^ign of either 
Jdditiorty Subflraifiorty Multiplication^ Dtvifiofty Inv$luiim And 
Evolution^ according as the Cafe requires, and after this the 
.Quantity which fufrers the Alteration. 

" Thus at Queftion 39, the firft Equation being raifed or in- 
volved to the fecond Power produces thefecond Equarion, there- 
fore, I fay in the Regifier i a, that is, the firft Equation 
involved to the fecond Power gives the fecond Equation, and 
In the fame Operation. 

Becaufe the fourth Equation is produced from the third, by 
tranfpofing m with the Sign — , therefore in the Regifter I fay 
2^ that is, the third Equation — m, produces the fourth 
Equation. And, 

As the fifth Equation is produced from the fourth by multi- 
plying by d^ therefore I fay in the Regifter 4, X dy that is, the 
fourth Equation multiplied by dy produces the fifth Equation, 
And, 

As the fixth Equation is produced from the fifth by dividing 
by hy therefore, I fay in the Regifter 5 — that is, the fifth 
Equation divided by produces the fixth Equation. And, 

As the feventh Equation is produced from the fixth by cx- 
tra£ting the fquare Root, I fay in the Regifter 6 mi 2, that is, 
the fixth Equation having the Square Root extrd<fled, produces 
the feventh Equation. 

Whence, 
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Whence, as I faid above, to regifter any Operation, is only 
to put down whether it is the firft, fecond, third, fourth, or any 
other Equation, which fuflfers the Alteration, and from which 
the new Equation is raifed 5 and after that Figure to cxprels in 
Charaaers, or Signs, the Alteration that is then made to gain 
the new Equation. 



The Method of refolvmg ^efiions that 
contain two Equations^ and two un- 
known ^amities. 

H E foregoing Qu^ftions requiting only one -Ul^own 
Jl Number to be founds their Conditions were all 
cxprdicd in one Equation, which Equation being reduced by 
the Rules already delivered, the Qiieftion was anfwer^i'd. 

But if the Qiieihon requires two unknown Qtiantities to be 
found, then there are generally raifed two Equations from the 
Qucftion, each oi th^m including both the ui^nown Quan- 
tities I which may be leioived by this 

RULE. 

Ffnd what the fame unknown Quantity is equal to in each- 
of the two Equations, which arife from the Conditions of the 
Queftion, then make thefe two Equations equal to one another, 
and in this Equation there will be but one unknown ^antity, 
confequently if this Equation is reduced by the Rules already 
given at Art. 46 to 53. we lhall find what this unknown 
Quantity is. 

And to find the Value of an unknown Quantity in any 
Equation, is only to find what it is equal to, therefore all the 
other Quantities, whether known or unknown, muft be carried 
to the other Side of the Equation by the Directions at Art. 46 
to 53. and then it will appear to what this unknown Quantity 
is equal, as this makes one Side of the Equation, the other Side 
of the Equation being known Quantities, with the other un- 
known Number or Quantity fought. 

Finding 



l^be Method of refolving S^ueftions^ &c. 14 j 

Frnding the V«lue of the fame unknown Quantity in edch 
of the given Equations, and making the/e two Equations equal 
to one another, which clears the Work of that unknown 
Quantity whofe Value was found, is caUed ixtermlnattng an 
unknown ^antity^ 

Que 1110041. To find tivo Numbers^ if the greater is added 

to the lejjlr^ the Sum 26?,. 

B:<t ij from the greater ysu fuhfira^i the Ufft^r^ the Remainder 
is 14.4. • 

Let a the greater Number, and e ::: the leller Number 
fought, b :z 2O2, X z= 144. 



By the 
Queftton 



Now the Sum of the two Num- 
bers in Algebra is -f" ^» which 
Is equal to 262, or by hence 
we have - - - 

And the lefler Number being 
fubilradled from the greater is 
a^ey which is equal to 144, 
or Xy hence we have 

The Conditions of the Queilion being now expreflfed, there 
appears in the above two Equations, two unknown Quantities 
a and e^ therefore according to the Rule find what a is equal to 
in the iirft Equation, by tranrpchi .^ ^. 



r — i la 

Now find what a is equal to 
in the fecond Equation, by 
ti aniporing /? - - 

2 ^ e 4 a:ziX'\' £ 

ThcreTore make the third and fourth Equations equal to one 
another, for they are both equal to the laiiic Quantity ti, which 
extcrmiiiatcs that u]i known Quantity: thi<^ Step is /vj^/Z/tr^?^ by 
placing the 3 and 4 with a Point between them as in the Work, 
which expreiles that the fifth Kquation iium compahng the 
third aad." uuah Lquation together 



The 



♦ 
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The unknown Qiiantity e being on both Sides of the £qua« 
tioii) bring it on one Side of the Equation> by Art. 52* 



5 + ' 



6 
7 
8 



%ezz b — X 



Here tt appears that ^, or the leiler Number fought, i$ equal 
to b<, or 262, fubftra^^ing from it or 144, and dividing the 
Remainder by 2. 

When any Equation is divided by an abfolute Number, as 
the fevcnth Equation 1 ; divided by 2, place them in the Regtfler 
as ufual» but draw a Line over the 2 to diilinguifh that it is an 
ablblute Number by which you divide, and not by the lecond 
Equation in the Work* 

Now b = 262 
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59 r= the lefTer of the two Numbers fought« 

It being now known what / is in Numbers, we may find a 
by the third or fourth Equation, and by the third Equation we 
have a'=:h — e. 

But b =1 262 

— ^ = — 59 

203 =: tf, the greater of the two Numbers fought. 

Whence 203 and 59 are the two Numbers required in the 
Queftion, and is thus proved from their Conditions. 



The greater Number is ^03 
The Jefler Number is 59 



2t)2 Sum 



203 
59 

144 Remains. 



Qucillun 42. Tw(f Men dlfrntrftng of their Money^ found 
that if ihe Number of Shillings each had were added to-cther^ thi 

Sum would he 2^' 9 o ii- 

\ But if from him that had the greater Number of Shillings^ 
there he fubjlraaed twice the Number of Shillmgs the other Perfon 
badt tkre vjould remain 5. How man) had each Man? 
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Let a — the jrreater Number of Shillings^ e ^ the USzs 
Number of iihiUings, ^ = 38, Jf = 5. 



And bccaufe the Sum of their 
Shillings, or + ^, was 
hence 

And twice the lefler Number 
being taken from the g 
or -T- 2 ^, was equal to 
X, hence 
Now to find the Value of a in 

the iiril Equation, tranfpofe 

I — 

And to find Lhc Value of a in the 
fccond liquation, tianrpofe 2 e. 

2 + 2* 



f their ^ 
38, or \ 

^urnber-v 
greater, ( 
a 5> orf 




the 
QuefitQA 



Make the third and fourth Equations equal to one anottrefi 
becaufe they are both equal to the fame Quantity and regifler 
it as dire6^ed in the laftQueftioni and thi$ exterminates the 
unknotrn Quantity a. 

The unknown Q^iantity e being on both Sides of the Equa** 
tion^ bring it on one Side of the Equation, by Art. 52. 



5 + ' 

6 — ^ 

7-^3 



6 
7 
8 



3c _ b--'X 



Hence the Queftion is anfwcred, for / = jS 



II =: the leflef 
Number of Shillings^ 

And as e is now known, we may find what a is by the third 
or igurth Equation \ taking the fourth Equation, wc iiave 
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5 



27 tf, Che greater Number of Shillings* 
PROOF. 

The greater Num* 7 
ber of Shillings 3 ^7 • - . - 27 

The Icfler Num- J Twice the lefTer 7 

ber of Shillings f ^ Number of ShiJ lings 5 22 

5>um 38 Remains'^ 



Queftion 43. fwo Men laying a Wager concerning the Num-^ 
hir of Sheep in two Droves^ as they could not decide it, appealed 
to a third Per/on', who told them^ that if 3 r zvas added to the 
Number cf Sheep in the greatefl Drove^ that Sum would he equal 
U twice the Number of Sheep in the IcaJ} Drove. 

But if they added 44. to the Number of Sheep in the lea/l 
DrovCy that Sum tuculd bv as many as were in the greatejl Drove ^ 
end defired they would now find the Number of Sheep in each 
Drgpje* 



Let a = the Number of Sheep in the L^reatefl Drove, e the 
Number of Sheep in the leaii Drove, x =z 31, d^^» 



Now the Number of Sheep in 
the greateft Drove being added 
to 31, is equal to twice the 
Naniber of Sheep in the lefler 
Drove* hence 

And the Number of Sheep in the 
leaft Drove when added to 
44, being equal to the Num- 
ber of Sheep in the greateft 
Drove, we have 

I — X 



} 



I 

e -^^ d ■=s a) 



V By the 
f Queftion 



.V, 



and by the 



Now by the third Equation, a is equal to 2 e 
fecond Equation, a is equal to ^ -f- ^1 therefore maice thefe 
Equations equal to one another, for they arc both equal 10 the 
fame' Quantity which exterminaces a, as before, 

2.3 
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e — X — d 



5fc • 3 
5 + ^ 



4 

5 
6 



75 the Number of Sheep in the lead Drove. 
Then having found ty we inay find a by the Tecond Equation* 



119 = ^, the Number of Sheep in the greateft Drove. 



PROOF. 



X19 



150 which i$ twice the Number of Sheep in the leaft Drove. 



75 
44 



119 which is the Number of Sheep in the grcatcH Drove, 



Qtieftion 44. Two Gentlemen who had fild their E/lntes, hy 
comparing what each Ejiate was fold for^ found, that twice tbi 
Sum of what both the E/lates was fold for was 1 1468 Pounds: 

And if what the Uajl Eflate was fold for^ be fubjlrafied from 
what iht greatejl Ejiate was fold for^ there will nmain 140S 
Pounds* For how much was each Ejiate fold? 

Let a =: the Number of Founds the greateft Eftate was fold 
for» e =: the Number of Founds the leaft Eftate was fold for^ 
i =5 1 1468, xz=: 1408. 



By the firft Condition 

By the fecond Condition • 

Find the Value of in the 
lirft Equation. 

U 2 



I 

z 



2fl + le-zik 

41'— me ~ X 



it = 



Now 



1^8 



4 L G E B RA, 



Now ^nd the Value of jj, in the fecond Equation, 

Make the fourth and fifth Equations equal to one another, 
becaufe they are both equal to the fame Quantity tf, and 
therefore muft be equal to One another, by which a will be 
^xterni^na(ed. 



* • 5 
6 

7 + 2e 

9^1 



6 x+e = 



7 

8 

9 

10 



h — 2^* ^ Here we have 
only to find what 



2x+2ez=b'^2f ^ '^.^y ^he Rules 
2x ^4.e^B already delivered^ 
^e=:b^2x at Art, 46 to 53. 

if =2 163, the Pounds for 



^hlfh the leaft Eftate was ibld j and f being now knOwfi» then 

By the fifth Step | 11 | = at + ^ = 3571, jthe Pounds for 
|vhic)» the greateft Eflate was fold. 

PROOF. 

Now if <? = 357i> and/ = 2163, then2tf+.2^z: 11468, 
j»n.da-!r'^== i40^' 

Queftion 45. Twd Gameftfn^ A and B, founds that If twice 
the Number of Pounds wen by A was added to what had been 
won by B, the Sum was 48 Pounds : 

And if what had keen won by A was added to three times what 
hid been own by B, the Sum was 39 Pounds. fFhat was the 
Sum won by each Geanejler f 

Let a r= the Pounds won by A, ^ =: the Pounds won by 
^=548, A* = 39. 



^y the firft Gondi- ) 
tion • J 

^y the fecpiid Can- 7 
dttion • J 



h 



Fifid 
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Find the Value of from the firfl liquation. 



I — ^ 

3^^ 



4 \a——— 



Now find the Value of irom the fecond Equation* 

_ 2 — 3^1 5 — 3^ 

Make the fourth and £fth Equations equal to one another^ 
becaufe they are each equal to the fame Quantity, which £qua* 
tion will exterminate a. 



4 ' 5 

6 X 2 
7 4- 6 e 

9-^5 

Then from the 7 
lifth Equation x 



8 
9 

10 
4i 



^ — f=A'— 3^* *Herewehave 
, ^ . only to find Vby 

^ ,=,2^-6^ the Rules alrfeady 
^ + 5. = 2^ delivered, at Aii 
5. = 2..-^ 46to53. 
— b , 

^ — • = 6 romicls, won by B. 
— 3^ = 21 Pounds, won by A. 

P R O O F. 

s 

2 ^ -f" ^ = 48 

' ^ + 3-^ = 39 

QuelHon 46. What .are thof& two Number Sy that twice the 
greater being added to three times the lejfer, tJye Sum is 29 : 

^nd three times the greater being fuhJiraSled from five timet 
the lejjery the Remainder is 

Let a the greater Number, e the lefler Number, 
h = 29$ « == 4^ 



3^ the ftrft Condi- 7 
rion ■ * - 3 

^y the lecond Con- ) 

dfuon r i 



Find 
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Fiftd the Value of from the firft Equation, 



3 
4 



Now find the Value of <7, from the fccond Equation; tranf- 
poic 3<?, becaufc it has the negative Sign. 



3t + 3<» 
Or 

7-^3 



5^ = m + 3^ 
Se-^mzz^a 

3 



5 
6 

7 



I 



Make the fourth and eighth Equations equal to one another, 
for they arc each equal to the fame Quantity ^, and this un- 
known Quantity wiJl be exterminated. 



4 • B 



9x2 
lOX 3 

11 + 9^ 

By the fourth 7 
Equation j 



10 

r I 

12 

14 

'5 



5 g — m _ £-—3/ 
""3 ^ 



10./— 2 ;« 



10 2 « = 3 5 — ge 
i9^«— 2iw = 3^ 
19^ = 3^-^2X9 

^ = 3£±2f leiTcr Number. 

^ = ^ = 7> the greater Number. 



PROOF* 

2«+ 3^ = 29 
5^— 3«= 4 

Qoeftion 47. r^A? Travelh^rs, A ^7;?^/ B, <?w 
founds that if ihe Number of Allies trm;elied by A was divided 
by five, adding to this ^otient thru times the Number of Miles 
travelled by B, the Sum was 249 : 

* But 
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But if twice the Number of Miles travelled by A were added 
to four times the Number of Miles travelled by B, the Sum was 
540. Hm many Miles had each travelled^ 

Let If ^ the Number of Miles travelled by A, e = the 
Number of Miles travelled by B, = 249, % = 540. 

By the Hrft Con- 1 
dition - i 
BythefecondCon- J 
dition • 3 



I X 5 



2 
4 



^ + 3^ = ^ 
5 

2<» + 4^ = ^ 



^ -I- 15 = 5jr 
^2 = 5^— 15^ 



The Value of a being now found by the firft Equation, find 
its Value from the fecond Equation* 



2 — 4^ 
5-^2 



5 

6 



2a = Z — 4* 



Now make the fourth and lixth Equations eqnal to one ano* 
ther as before^ which exterminates a. 



4.6 

7x2 
8 + 30. 

xo-r 26 

Then by the 4ih 1 
Equation I 



7 
9 



10 

1 1 



-»4tf 

1. =5^ — 



15^ 



z — 4^mo^r — 30^ 

^ — = 75, the Miles tra- 

(veiled by B. 

I2!^?=:5jr — ^15^=120, the Miles 
1 (travelled by A. 



PROOF. 

i + 3^ = 249 
za'}' ^ezz 540 



The 
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The Learner being now a little converfant mth thefe Kuid 

of Queftions, let the tail be repeated, and put Letters for all 
the Numbers both known and unknown, and if he finds any 
Difficulty in folvin^ it, by comparing the two Operations, the 
former may in Tome Manner explain this ; and to illuftrate it 
the more, I have placed the Equations in the laft Work, againit 
their correfpondent Equations in the next Operation. 

Queftion 48. Two Travellers^ A and B, meeting on the Road^ 
founds that if the Number of Miles travelled by A was divided 
hy 5, and adding to the patient 3 times the Miles .travelled by By 
the Sum was 24.9 : 

But the Afilef travelhd hy A hein^ multipUed hy 2, and added 
to 4 times the Miles travrlhd by B, the Sum was ^^O, Hew 
many Miles had each travelled ? 

Let a =: the Number of Miles travelled by A, e'zz the 
Number of Miles travelled by B, x = 249, z ^ 540, as before, 
but now put ^/:= 5, =: 3, f =: 2, ^ = 4. 



l.X.me^x^ that is, — + 3 * =: * 
d^ ' 5 

qo'^'p e zs.x^ that is, 2 0-|-4^ = 2 



By the iirft Con- 7 

dmon - 3 
By the fecond Con- 7 

dition - J 

\y.d 
2^dme 

Having found the Value of a from the firft Equation, find 
its Value from the fecond Equation. 

2,^pe 5 qa:=:Z'^p that is, 2arrz — ^e 

^-^q 6 an t — L., that IS, «= ^ 



3 
4 



a + dmezzdx^ that is, a + 15 ^ =5 
a^dx^dme^ that is, 41=5^—15^ 



Now make the fourth and fixth Equations equal to one ano- 
ther, for they are both equal to the fame Quantity a, which 
cxtetinuiates that unknown Qiiantity, 



4 . 6 
7 X f 



^•^^f :^dx^dm ey that is, iZll! 

2—/ e — dqx — dmeq^ that is, 4* 
= IO.V — 30^ 

8 "f* dmeq 
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8 -^-dmeq 
9 — z 



II 



dmeq-\-z — pe^dqx^ that is« 26* 
s s lOx 

^OT^^ — pe-:z,dqx^'Sti that Is, 26* 



The unknown Quantity ^ being in two Terms, therefor* 
divide by both the Co-eificients of ^, as at Art. 52. 

„ e =: illZll r= 75, that is, * = 
dmq — p 

— 7^, the Miles tiavelkd 



IQ-^dm q — p 



26 

byB. 



And it being found that ^ is 75, we may find a by the fourth 
or fixth Equation to be 120. 

And now for the future we ihall put Letters for the Numbers 
that are known, as well as for thofe that are unknown. 

Qncflion 49. Tl^ere are two Armies ready to engage ; if the 
Number of SoUiers m both Armies are added together <^ and that 

Sum multiplied by 4, the Produ^f is 8444O : 

But if the Number of Men iri the greatefl Army he multiplied 
by 2, and add'-d to the ProduCl of the Number of Men in the 
leffer Army multiplied by 3, the Sum is 52219. To find the 
Number of Men in each Army f 

Let ^ = the Number of Men in the greateft Army, e t 
N umber of Men in the leffer Army, <^ = 4, w =r 84440, x 
= 3, ^= 52219. 

By the firft Con- \ 
dition - 3 



the 



By the fecond 7 
Condition j 



da\ de-^m 
%a'\' X e-zih 



Find the Value of a\ in the firft Equation. 



I ~^de 



3 
4 



da 7n — de 

m — d e 
a =: — 



Now find the Value of a from the fecond C^^uition, 



^54 



ALGEBRA. 



2 — X/ 



5 
6 



b — xe 
a = ■ 



Make the fourth and fixth Equations equal to one .another 
to exterminate a. 



4-6 

8Xz 



7 
8 
9 



m — d£ t^xe 



d 

m — d e 



dh — dxe 



zm^zdetsidb-^dxf 



Now In this Equation e being on both Sides, find which of 
Its Co -efficients dx or zd h the greateft. zd h 8, but dx is 
12, therefore tranfpofe dxi, that the unknown Quantity, 
irith the greateft Co-e£icient» may have the afiirmative Sign, 
as at Art. 52. 



g'\-dxe 
II — zm 

It '•T'dx^Zd 



By the fixth E- 
quaaon 



} 



10 
II 

12 



i3 



dxe^zm^zdezrdh 
d X e—^zde z=L db — %m 

dk- — 2 771 ^^^^ 

= 9999 



dx — zd 
b^xe 



z=. mil, the Number 
of Men in the greateft 
Army. 



Dividing the eleventh Equation by dx — z the two Co- 
eiEcients of as at Art. 52. gives the twelfth Equation. 

PROOF. 

4 -)-* 4 ^ = 84440 
2a + 3^= 52219 

Queftion 50. jf Gentleman bought a Pair of Horfes for his 
Coaehj his Son having learnt Algebra, the Father prcpofed for 
him to determine the Price of each Horfe from faying^ 

iTyat if the Pounds both Horfes cofi were multiplied by 4, 
and this rroduil divided by 8, the portent was 20 : 



Sut 
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But if the Pounds the heft Horfe coft were multiplied by 3, and. 
this ProduSf added to 5 times the Pounds the worft Horje cofl^ 
the Sum was 158 Pounds, Now what was the Price of each 
Horfe? 

Let a = the Pounds the bed Horfe coft, e — the Pounds 
the worft Horfe coft, ^ = 4> ^^^> iw = 20, ^=3, xzizSy 
2 = 158. 

Bythefirft Con- 
dition 
By the fecond ) 
Condition i 
I X d 
3— he 

2 — xe 



5 • 7 

9 X ^ 

10 4" ^^"^ 

11 '■^p dm 
12'T'hx'^ph 

By the fevcnth ? 
Equation S 



3 
4 

5 

6 

7 

8 
9 

J o 

1 1 

12 

«3 

14 



/> <2 -f- = 2 

b a — dm-^he 

dm^be 

a - 

pa z — xe 
z — xe 



P 

To exterminate a 

i m — he z — x e 



b p 
pdm-^pbe ^ 



xe 



p dm — p b e = bx^-h X e 
b xe -{-pdm — /> b e = b2^ 
hx e — pbe^bz — pdm 

— bz pdm _ Pounds, the Price 



bx — p b 



of the woift Horfe. 



a jsi ^ — 21 Pounds, the Price of 
P the beft Horfe. 



PROOF. 



8 

* 

Qj^ieftion 51. Tivo young Gentlemen^ who had flud'ei Numhersy 
not agreeing about their Agiy referred the Dlfputc io tWir Father y 
who fmiiing told them^ that if the J^e of the eld^ was divided 

X 2 ' by 



* 
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hy 2, to which ^mlcMt adding 4 umes the Age of the y6ungefl, 

and extratiing the jquare Root of this Sum, it will he 10 * 

But if the Age of the elde/t luas multiplied by 3, and added 
to the Age of the yoiaigcfl rmkiplud by 5, this Sum will be 201,' 
To find the Age of each i^irfon ? 



Let the A ^ c f the cMcr, e - the Agc of the younger. 



v/--. + flT^ =r 
0 



By the firft Con- ) 

dition J 
By the fecond 1 i 

Condition j j ^ j^«+«^ = '* 

Becaufe in the fiifl Equation, ^ the unknown Quantity, is 

under the radical Sign, therefore fquare both Sides of the 
tquation, as at Art. 49. The I 2 in the Re^fier /ignifies 
that the firrt Equation being involved or raifed to the fecond 
i'ower or Square makes the third Equation, for ^ is the Sign 



Z^de 
2 — z ^ 



5 • 7 

8 X /> 
9 -f- ^ ^ 

10 — r 
ll-T-pbd — 2 

S/ the feven^b } 



5 
6 



8 



d e = m ?n 

h 
a 

b 

a = bmm — bdi 

p a = r — % e 

r — z * 
a = — 

Now to exterminate a 



^ bmm — bd0 



1 1 
12 



9 \r % e "^i p b m p b d e 

10 pbdc J^r — %e=^pbmm 
p b d e — z € =z:i p b m in — r 
^ pb mm — r ^ 

pud — % "~ 
13 = ^ 



21, the Age of the 
_ ^ ^ (youngeft. 

T — = 3^> the Age of the 
f (ddeft. 



P R O 0 
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PROOF. 



4<f = 10. 

2 

3 ^ 5 ^ = 201. 

Queftion 52. Tzt/i? Tradefmen^ A and B, cmparJ^ig ih^lr 
GmnSy founds tf?at if the Founds gairiid by A iveri: muluplhd hj 
to zvhicb adding 3 times the Pounds gained by B, ti)e Jquare 
Moot of tbiy Si^m ivas 1 1 Pounds : 

But if 6 times the Pounds gain id by B, were added to the 
Quotient of the Pouvds. gained by A divided by lo, this Sum 
was 47 Founds, To find the Gains of each Tradefman f 

Let <7 = the Pounds gained by A, 4? = the Pounds gained 
by B, b=. i^ — 3, « — 1 1, — 6, 2; = 10, ;y = 47, 



BythefirflCon- > 

dition 3 

By the fecond 7 
Condi tioa j 



^^<? + = « 



-j- — r= 



In the firfl Equation the unknown Quantity a being under 
the radical Sign, fquare both Sides of the Equation as i<i the 
lail Queilion. 



I 2 






4 


4-^ ^ 


5 


2Xz 


6 


6'^zpe 


7 


5 • 7 


8 


8X ^ 


9 




10 







ha-^derznn 
ba^nn^de 
nn — de 



a =: 



zpe-^'a = zx 
a — zx — zpe 

nn -"de 



nn^d e ::z hzx^bzp e 
bzpe -\- n n — de z=,b%x 
kzpe^de = bzx^nn 



158 



ALGEBRA. 



By the fevcnth 7 
Step 3 



12 
13 



b % X 



e zz 



n n 



PROOF. 



7 Pounds gained 
(byB. 
50 Pounds gamed 
(by A. 



6^+^ = 47. 
10 

Queftion 53 Two Ferfons^ A and B, owe fueb a Sum of 
Money ^ that ij the Pounds A owes are divided by 5, to which 
^ioticnt adding 4 iini^s the Pounds B owes, and extras the 
Jquare Root of this Sum, it will he 6 Pounds: 

But if from 3 times the Pounds A owesy is fuh/huiiltd 50 
times ihc Pounds B oweSy and extra^ the jquare Root of this 
Rimaind&ty it will he 10 Pounds, l^^hat did each Per Jon owef • 

Let a rr the Pounds A owes, ^ = thi- I'ounds B owe®, 
= 5, » == 4> ^= 6, = 3, <af = 50, X = 10. 

BytheiirilCon- 
dition 

By the fecond } 
Condition 3 



m 



I 
2 



m 



\/ pa — jf^ = 2 



To find the Value of a in the firft Equation, raife it to the 
fecond Power as in the laft Queftion. 



I ©- 2 
4X» 



4 

5 



^ -^-m zz d d 
m 

f~ 'zzdd'^ne 
m 

azizmdd'^ mne 



To find the Value of a in the fecond Equation, raiie it to 
the fecond Power as- before. 



2 ©• 2 
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2G- 2 

t + xe 



6 1 pa — xe^zz 



Now make the fifth and eighth Equations equal to one ano- 
ther to exterminate a* 



5.8 

9X/> 

10 -^^ pmne 
It — zx 

Then by the 
eighth Step 



10 
II 
12 

14 



=: md d^mne 



P 



XZ-^ X e r= p m d d — p m n g 
p7nne-\'Z7,'\-xe— pmdd 
pmne'\- X e = pmdd^%% 

e = Z^'"^^— = 4Pound$, the Debt 

a = + ^Jf _ 100 Pounds, the Debt 
P (of A, 

PROOF. 



3^ — 50^ = 10. 

Queilion 54. Two Mtn^ A W B, going U Market with Eggt^ 
if the Number cf Eggs that A had were multiplied by 6, to which 
adding lOO, ond divi.4tn^ the Sum by the Number of Eggs that 

B hady the ^otient is i6 : 

jind if from 9 t'lmei the Number cf Eggs A hady is fuh" 
flraBed 4 times iJjK Number of Eggs B had^ there remains 350. 
How many Eggs had each Perfon P 

Let a r: the Number of Eggs A had, e zn the Number of 
Eggs B had, ^ = 6, ioo> ^ =: 16, ^ =? 9, x =: 4, 



1 



2 
3 



da^m 



^7 — xe =1 z J 
da ffi e 



By the Queflion* 



i6o 



ALGEBRA. 



3 — »z 



4 
5 
6 

7 



d a ~ p e ■ — m 
a = — 



Make the fifth and feventh Equations equal to one another 
to exterminate a. 



S • 7 
8 

By the feventh J 
Step J 



8 



10 
1 1 

H 



d : ~ 

dxA-^^f 
pe-m = J 

hpe^dxe — bmzzdz 
b p d xe^dz bm 

ez=il:tl!!l = 25, the Number 

I; p — dx (of Eggs B had. 

a = = 50, the Number of 

^ (Eggs A had. 



PROOF. 

e 

ga — 4* = 35c. 

Oueftlon <5. Two Ptr/m, A tfW B, I'M,"' ^TT^ 
TMl. wJ how much th^hjl, U i»huh kr^hed that 
if the Number of Pound, I hft h' mu upbed ly z- an: add 
io Vto tht FroiuB, if this Sum h dmded ty _the l^nmler of 
pfjl B Uft, thefiuart Root of this ^uot,e«i w,d be lo 

^Xti/ the Pounds B hji r.u!tlp!!ed iy 150, Jrom ,vHrh 
Produll rubftrading 600, W dividing the Remainder ty the 
p'^Klijt, th-fquare Root of this Sluotitnt wM ie 2 Pounds. 

ffow mcb hid tach Ptrftn lojl ? 

L«t 



m 



The Method of Yejilving ^ejiions. See* i6i. 

Let a — the Pounds A loft, e = the pounds B Joft, <^ = 3, 
= iOO,. » = 10, * = 250, z =z 600, ^ = 2. 



v/ 1 = » 



2 =S^ 



By the Qucftion, 



To find the Value of a in the firft Equation, raifc it to the 
fccond Power by Art. 49. 



I &■ 2 


3 




4 




5 







da -Uftt 

i— r= » « 

lla-^'m inn 
da=zenn — m 
^ — — w 



To find the Value of ^ in the fecond Equation, wife it to 

the iecoiid Power hy 49, 



2 ®- 2 



7 

8 

9 



Make the fixth and ninth Equations equal to one ^mother 
to exterminate . . > 



6 * 9 


10 


10 xd 


II 


11 X b b 


12 



enn — m x e — 



bb 

d xe—^dx 



bbnne — b bm=,dx e^—dx 



Becaufe^/jf, one Co-efKcicnt o': is areater than bbnriy the 
pther Co-ffl5.cicnt of ty therefore tranfpofe bbnne, by Art. 52. 



12 — 



»6» A L G E B RA. 

Or 

14 + 

15 A- — bbtin 



By the ninth Step 



13 
16 



^7 



d%^^h bffl t r* I rk 

f =1 , - — I— 4» the rounds B 
tf = ^ — : — = 100, the Pounds A 



PROOF. 



(loft. 



-h 100 



= 10. 



^250 — 600 _ 



Queflion 56. /« right-angled Triangle ADC, //W /V 
given the Baje AB^4,i and the Differena between the Hypo- 
thenufe AQ and Perpendicular BC = 2. To find the Hypo^' 
ihenufe AC and Ferpendlctdar BC? 

Let AC =5 tf, BC = if, AB = ^ = 4, « = 2. 

Q Having put X^tters for the three 
/I Sides of the Triangle, and amongfl; 
thefe there being two unknown 
Quantities a and ^, 4herefore we 
muft raife two liquations either from 
the Properties of the Figure, or from 
the Conditions of the Queflion. 
And in the Solution of T^epme- 

trical Queftions, I would recom- 

^ ^ mend it to the Learner, thaf after 

all the Parts of the Figure which 
are necefTary to the Solution of the Queftipn are exprefled by 
Lt tters, to obferve how many of them' are unknown, for gene- 
r tlly fo many different Equations ai;e raifed 'from the Properties 
of the Figure, or the Conditions of tbie Qucftion i afterwards 
the Work is regulated by the Rules already given. 

Now from the Property 6f the Figure, the Square of the 
Hypothcnufe A C, or a a, U equal td the Square of the Bafe 
A B, or^^, added to the Sijuare of the Perpendicular BC, 
or ee^ by 47 ^ I, 

That 
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That is I I \ aaz=ih+ff from the Property of 
I |r . the Figure by 47 e i. 

Becaufe by the Queftior>, the Difference between the Hypothe- 
nufe AC> or a, and Perp^ndicuJar BC> or is ss 2, orm. 

Hence I 2 | — ^ r= by the Conditions of the 
I I Queftion. 

Having raifed the two Equations, proceed as in the former 
Examples, that is, firft find the Value of a in the fuft Equation, 
by the Exira^ion of Koots, as at Art. 50.. 



. Now lind the Value of in the fecund Equation, 

Make the third and fourth Equations equal to one another, 
to exterminate a. 



3 • 4 I 5 I = + 

Becaufe^ e ttie unknown Quantity is under the radical Sign, 
and there being no 6ther Quantities on that Side of the 
Equation, but what are under the radical $igh, therefore fquare 
both Sides of the Equation, as at Art. 49, 



5^2 

b — e e 

By the fourth Step 



7 m 7n 1 m e =. b b 

8 2 me = bb — mm 

bb — mm . 
e — — 3, the Ferpendicu- 

^« (larBC. 

io\a ^fn'\'e zz theHypcthenufe AC< 



To prove tbefe arc the three Sides^ of a right-angled Tri- 
angle, fquare the Hypothenufe 5, and- that will be equ^l to the 
Square of the Bafe 4, added to the Square of the Perpendicular 
3 ; for this is the celebrated Property of. . the right-angled 
Triangle to have the Square of the Hypothenufe equal to thc 
Sum of the Squares of the Bafe and Perpendicular. 



Y 2 



QueAion 



J 64 



A L G E B RA. 




Then 

And 



Quefiion, 57. In the right- anghd 
Triangle ABC, given the Perpen- 
dicular BC = 3, and the Difference 

hitween the - Hypothenufe AC, and 
Bafe AB =: I. To find the Hyp6^ 
thenujk AC, and Bafe B A I 

Let AC = fl, BC=: 3 = *, 



S AB = jp = I. 



aa'=. hh-^^ee^ by the Property of the 
Figure, as in the laft Queftion* 
2 , a^e zz X by tHe Queftion. . 



There being as many Equations raifcd from the Property o{ 

the Figure, and the Conditions of the Qucftion, as there are 
unknown Quantiues, the Work proceeds upon the lame general 
Rules, thus 



1 tttf 2 

2 + ^ 

3 • 4 

5 ©- 2 

6 — ee 

7 — jr ^ 

By the fourth Step* 



3 
4 

5 
6 

7 
8 



10 



6 b ee 




xX'\'2xe-\'eezzhb'-iTe-e 

xx-\-^x;e=:kb 

2xe zzph-^xx 

e = ^tzJil = 4, the Bafe AB, 
%x 

a^X'\^€.:=^ 5, the Hypothenufe AC. 

Queflion 58. In the right-angled 
Triangle ABC, there is given the 
Hypothenufe AC zz 5, the Bafe A B 
= 4, and the Perpendicular BC=:3» 
t(f find the Perpendicular B D, let 
fall from the Angle B, upon the Hy- 
pothenufe A C. 

LetAC=^rr 5, AB=r;« = 4» 



The 
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TheQucftion requiring that we find BD, if we find CD 
we can anfwer the Queftion, for the Triangle B D C being a 
riehl- angled Triangle,. B D being perpendicular to A C, con- 
fequeniiy B C being known, and by finding D C, we Ih^l 
afterwards eafily find DB, by the common Property of the 

'^It "w^cxaaiy the fame, if we find AD, f r the Triangle 
A D B Is right-angled, and A B is given by the Quefiion. 

Now BD being a Perpendicular common to the two Tn- 
afigles ABD, and BDC, let BD = then from the right- 
angled Triangle ABD, we have jw« — = and by the 
right-angled triangle CB D, we have xx-^aazz.pf^ from the 
fame Reafoning as in the two laft Qucftions. 



Confequently 



mtit'^ a o Oy for both »»»f — f^ 

and XX — aa^ are equal to the fame 
Quantity pp^ and therefore equal to 
one another* . 

a^e-h, that is, AD + DC = AC 
by the Figure. 

To 'find the Value of a in the firft Equa- 
tion. 

aa'\-tnm^ee':z>xx 
aa'\-mmzzxx^ie 

aa-:=xx -\- r t - m ?n 

a y/ XX -{^ e e , — mm 

Now find the Value of a in the fecond 

Equation. 
a = h — e 

y^xx^ ee — mm'^h — / 

xx'^ee^mm'=.hh'^'2.h€'\'ti 

XX — mmziz h b'^2he ' 

Z be -\- xx^mm z::. bb 

%bi xx^bb -^^ mm 

2be^bb'\'mm — xx 

bb-^mm^xx • * ,^ 

e =: TV ■ — t— 3.2 = AD« 

2b ^ 



paving found AD to be 3,2 it will be eafy to find DB 
by what was faid above* Thus> 



And 


2 




3 


3 + ^^ 


4 


4 — mm 


5 


5 wj 2 


6 




7 


6 . 7 


8 


S Q- 2 


9 


9 — 


10 


10 -^zbe 


II 


11 -{^ mm 


12 


iz^xx 




13-7-2^ 





0 

3 



16 the 
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if the Square of AB. 
' ~ 10*^4 the^ Square of A D. 

5.76 (2.4 == DB, the Perpendicular requited. 

'44) 





A D 
perty of the Triangle D B C, as in the laft Queftion. 



Queftion 59. /?/ the oh^ 
lique Triangle A D B, there 
is give?! the Side A B ~ i c;", 
the Side B D zz j 2, and the- 
Side A D m 6, io find the 
Perpendicular B C falling 
without the Triangle from the 
Angle B, on the Side A D> 
continued, 

Thh Qiieftlon will be 
anlvvered from finding DC, 
for the Triangle BCD be- 
jflg right-angled, and D B 
being known from finding 
^ DC, !we may then find 
BC from the comnion Pro« 



Let AB = 3— 15, AD = ^;? = 6, D B ==: at =: 12, 
D C =: tf, then AC =AD + DC = /« + tf, BC = ^. 

Beckiifethe Tnangle ABC is right-angled, therefore if from 
the Square of A B, or we Aibilra^ the Square of AC, or 
m m^zma '\-aa^ the Remainder is eqiial to 'the Square of 
C B, or ^ . 

Therefore | i |^^— »-ro«r — 2ot a — aarrzte, 

Becaufe the Triangle D B C is right-angled, by the fame 
Reatbning we have 

Again |2|jrA- — aa^e e. 



And 
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And the firft and fecond Equations are each :r= ee^ there- 
fore make thtni equal to one anoihcf, which exterminates eveiy 
Ppwer of i m thoie Equations* ' ' 

^ 2 ^ 
5 — 

And from hence we may find BC as was fiiid above, diut ' 

DC, or 5=3.75 

375 
1875 
2625 
T125 

14.0625' 

144- 
14.0625 

129.9375 (11.39 = ^ Perpendicular required. 
21) 29 

21 

223] 893 
669 

2269) ^247 5 
20421 

2054" 



3 

4 

5 
6 

7 



X X—-' a a = 1>P — ^^72 — 2«4J— -tftf 

X X ~ b b — mm — 2 ma 
2m a X X b If — mm 
2m a — b b — mm — xx 

bb '^mm'^x X -.^ 

=»375 = Da 



BD, or^=si2 

1 2 



144 



Pf 



[ i68 ] 

Of ^adratic Equations. 

S^.T TF 7" n E N all the known Quantities arc on one Side of 
V V the Equauun, and thole Quantities only on the other 
Side which have fome Power of the unknown Quantity ; then 
if the unknown Quantity appears to be to the fecond Poivt-r or 
Square in one Term, and to the fiyfi Power only in another 
Term; or if in one Term, its Power or Heiohth is double its 
Power or Heighth in another Term, and there is no other ?o\vtit 
of the unknown Qi^iantity in the Equation, thefe Equations aiC 
called i^Vi^iVVif//t, as in iiic following Qucflions. 

QLieRion 60. Two Mm had fuch a Nzimher of ShtUingSy that 
the ujjlr being Jubjlraned from the greater^ there remains 10 : 

But the Number of Shi/I:?:gs one Man had mtdttplied by the 
Nu77ihcr of Shi/ljrtgs the other Man hady the ProduSi is 75. 7^ 
Jind each Adans Number of Shillings f 

Let <J = the greater Number of Shillings one of the Men 
had, ^ = the lefier Number Shillings ihe Qther Man had, 
h = ipy 75. 



Then 
And 

i+e 
3 • 4 



I 

2 

3 

4 

5 

6 



le^m ^ I By the Qiieftion, 



^ m 



e h =1 — 
e 



ee ^ be ^ 



m 



From coinp«iring the fixlh Eqnation with ivbat is faid above, 
it appears to be ^adratic^ for one Qiiantity is e e^ tt e to the 
fecond Power, and in the other Quaniity it is only Cy or e to 
the firft Power. 
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And to refolve this Equation^ take h the Co-efficient of < 

h 

to the firft Power, and divide it by 2, the Uuoticnt is which 

2 

h b 

fquare or multiply by itfelf, and the Produdi is which add 
to both Sides of the Equation) thus 

r 

If . , • bb bb 
7 |/^4- + j = « + -j- 

The ^ □ in the Regifter fignifies, that the iixth Step is made 
a Square at the Seventh Step, or the Square is cmpltatid* 



bb 



Now if we compare the Side of the Equation / + 

with feme of the Examples at Art. 31. wc fliall Bnd it to be 
a rational Quantity, or a Square, therefore extract the fquare 
Root of both Sides of the Equation : 



7 itt» 2 



8 <f + -. = v^OT+-- 
/ .bb b 



In Numbers. 



^ = 75 

bb 



iOQ the iquare Root of which is 10 



-5=-i 



^s=/, the Number 
of Shillings one of the Men had. 



Then by the fourth Step <? =; - « 15, the Number of 
Shillings the other Man had. 



PROOF, 



I/O 



ALGEBRA. 



PROOF. 

a — ^=10 



Queftion 6 t . TJin-e are two Number Sy If the Square of the 
lefjer is taken from the greater^ there remains 36 : 

But the greater bei^g added to 6 ttme$ the lijjer^ the Sum is 
148. PFbat are the two Numbers f 

Let <j = the greater Number, e = the lefler Number, 
^ 36, = 6, *• = 148. 



Then 
And 

3-4 

5-* 

me 



2 

4 

5 

6 



1 By the Qiieftion, 

zz A- — me 
b -\' e e — X — m e 
e e z=x — m e — b 
e e m e x — k 



The unknown Qtiantities being brought on one Side of 
the Equation, the Equation appears to be ^adraticy by 
Avt* 

Now the Co-efficient of the firft Power of e is 



hich divided by 2 is ^, this fquared is —y and adding 

2 4 

fL2 to both Sides of the Equation as in the laft Qiieftion, 
4 , . , . 

we have 



7 f □ 8 



m e + = X ^ h + 

4 4 



The 7 ^ □ fignifies that the (eventh Equation is made a com* 
pleat Square^ at the eighth Step. 

And extra<^ing the Roots of both Sides of the Equation, as 
in the laft Queftion, 



8 uu 2 
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9-2 

2 



By the fourth Step 



10 



11 



+ Tfi mm 
2 4 

e = — h A : =8, 

4 51 

(the leiTer Number. 
a = X — .me :=. loo, the greater Num- 



PROOF. 

a --^ e e — 36 
^ 4- 6<? z= 148 

Queftion62. /« the ParalUkgr am A B C D» if from thi 
hngefl Sidi AB multiplied by 3, U fuhflraatd the Square of 
thefoorteft Side B C, the Remainder will be 

But if the longijl Side A B is added to 4 times the Jhorteji Side 
T' ^jt^ " 30- ^0 find the Sides of the Parallelogram A B, 



B 



D 



Let a =: AB, BG = ^aT = 3, « = 5, « =: 4, ~ 30, 



2 + 



I 

2 

3 
4 

5 



'/j,"'}BytheQueflion. 



d'aznm e e 

mJl-ee 

a^ — ^ . 



4 . 5 



4*5 



ALGEBRA. 
6 



2 

9 



Z i 



ii'^dzisssdx^m 



Now the Equation appears to be ^adratie by Art. 56. 
and the Co*efficient of i is dzy which divided by 2> i$ 

this iquared is which added to both Sides of 

the Equation^ as in the two lall Examples^ we have 



^ I ,^ I I J , ddzz J I ddzz 

9 f □ I 10 I ee'\-dze+ ^dx—m-\--— 

And extra6^ing the Roots of both Sides of the Equation, as 
in the two laft Queftions, 



JO uiu 2 



d z 

II — 

2 



II 



From the fifth Step 



_ -=2 s/ dx + 

2 4 



ddzz dz 



\ezzs/dx — m'\'——: 

4 



= 5 



'3 



(=.BC. 



ssx — x^s: loiz A 



PROOF, 

3^— ^' = 5 
+ 4^=30 

Qucflion 63. 7a^« Getstlmin having had their Parks furviyed^ 
had loft the Jccounty hut remembered^ that if the Number of 
Jcres in A*s Pari was added to the Number of Acres in B'/ 
Park^ the Sum was 110 : 

But if the Number of Acres in B i Park was multiplied by 
80, from which ProduSi fuhftra^ing the Square of the Number of 
Acres in A'j Park^ there remained 400. How many Acres was 
there in each Park ? 



Let 
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Let a =: the Number .of Acres in A*s Park, * the Num* 
ber of Acies in 6*s Park> ^=110, 20 r= 80, x = 400* 



4 



3 S 
8 »i 



I 
2 

3 

4 



<r 4- ^ = A 



By the Queiiion. 



x-Yaa 

— J—. = b^a 

m 

7 ^-|-<j<?7 = ;7;^ — -ma 

8 a a ~ m h — -rr. a — x 

9 \aa-^ma=.m.b — x 



Here the Equation appears ^adratic^ and compleating the 
Square as in the former Examples^ we have 



4 4 



fniti 



And extra£^ing the fquare Roots of both Sides of the Equa- 
tioHy as in mc former Examples, 



10 uu 2 



II 

2 



From the third 1 
Step J 



12 



13 



<l -f- — — y //i 
2 



OT tn 



=: v/ « * - ;r + 'ir : - « =: 60. 

4 2 
(the Number of Acres in A's Park. 

^ = ^ — a = 50, the Number of Acres 

(in B's Park, 



PROOF. 
+ 110 



51W 



»74 



yi L G E B RA. 



The Manner of fubjiituting one ^antity for feveral 

others explained. 

57. But if, after the Work is prepared for having the Square 
C07npleatedy it appears that the Tuii Power of the unknown 
Quantity is in more: Fcnus than one, it will be more conve- 
nient to fuhflitute fome other Letter, for the Co-efficicnts cf the 
firft Power of the unknown Q;,iantity, as in the following 
Examples. 

Q^iertiun 64. Gentleman propofed to give his two SonSy A 
and li, each an Ejlaie^ on the Condition, they could tell him what 
were their Rents, by knowing, that if the Square of the Rent 
of the Ejlate he intended to give A was added to the fame Rent 
multiplied by 7, and the Sum added to the Rent of the Eft ate he 
jntended to give B, when multiphed by 4^ this Sum would be 
4220 Pounds : 

But if the Sum. of the Rents of the two EJlates was divided by 
10, the ^otient was 11 P&utids, IVhat was the Rent of each 
Ejiate ? 

I^t a = the Rent of the Eftate A was to have, e = the 
Rent of the Eftate B was to have, ^ = 7, m =: 4, =: 4220, 



I 
2 



aa-\-ba-\'me=.d 
a-\- e ^ ^ By the Queftion. 



Thefe being the two Equations which arifc from the Qiie- 
itton, and bccaufe the Terms are more Hmple that have the un- 
known Quantity than thofe that have the unknown Quantity 

it may be more convenient to find the Value of ^, in each 
of the two given Equations^ This Caution the Learner may 
oblerve for the future^, to find the Value of th^t unknown 
Quantity whofe Terms are the moft fimple in the given Equa- 
tions ; and thofe may be taken for the more fimple, whofe Powers 
are the loweft in both the Equations that arife from the Que> 
ftion; thus, if one of the unknown Quantities is only to the firft 
^Power in both the given Equations, when the other unknown 
Quantity is to the fecond Power in one of the given Equations, 
the Tcrois of the former may be faid to be more fimple, and 

thcre- 



2 
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therefore befl to find the Value of that unknown Quantity* 
The Reader will find this Method obferved in the following 
Queftions, and comparing their Work with what is (aid may 
make this Diredion more intelligible. 



aa meii.d — ha. 

d — ba — a a 
^ ^ d — ba — aa 

m 

e — p X — a 

d — ha — aa 

px — a r= 

m 

mpx — ma — d-^ha-^aa 
a a ~\- mp jf — m a^ d^ba 
a a -\- b a -^-mpX'—ma'^d 
aa b a m a zz. d — mpx 

Here the Equation appears to be Quadratic^ and the firfl: 
Power of a is in two Terms, vt%, ha and ma^ the two Co- 
eificients being h and and conneded by the Sign 

But b and /«, being known Quantities, therefore b --^ m = y 
— . 4 r= 3, now fubJiituU^ or put a =: 3, or z = i - — ot, then 
the laft Equation is. 

By Subiiitutton [ 13I aa-\'%a-=i d — mp x\ for by Sub- 

Oitution %a'=zba — fnay and therefore in the room of ^ ^ ma^ 

we ufe only % a. Now taking 2 for the Co*efBcient of <?, and 
compleaiing the Square as before. 



• 

\^ h a 


3 


I'-aa 


4 


4 -r- m 


5 


ixp 


6 




7 


5-7 


8 


^ X m 


9 


^ •\- a a 


10 


10 4- ^ 


1 1 


If. ^ mpx 


12 



D 




14 u;i 2 


if 


55 

15 

2 


16 



By the feventh 7 „ 

Step J 



aa -^za + — = tf — mpx ^\ 

4 4 



2 4 

=2 * / <^ /7J /> 4*" — • = 00, 

4 2 

the Rent of the £(late which A was 
to have, 

e p X a ~ 50, thQ Rcnr of the 
(Eliate which B was to have. 



PROOF. 



{ 



ALGEBRA. 



PROOF. 

7 a + 4 # — 4220. 

a -\- e 



10 



II. 



It majj be juft obfervcd to the Learner, that the Method of 
Subjitiufton is only to fave Trouble and Labour, for after the 
twelfth Step, if we had not fubftituted ^ — « = then to have 
cQtnpUaUd the Square^ we muft have divided h — m the two 

Co-efficients of a 2, the Quotient of which is , which 

fquared is ^ ihm + tnm ^ ^^^^ ^^^^ ^^^^ z^^tA to 

4 

both Sides of the Equation, whereas by fubjlituting h — mTZ%y 
the Quantity to be added on buth Sides of the Equation is 



^eftton 65. J Draper bought a Parcel cf .Ltnettj end a 
Parcel of Woollm Cktb^ if the Square of the Piunds he gave for 
the Lhun Cloth he divided by 4, and fo this patient there is 
added the Pounds each S^rt cq/i, the Sum is S 000 Pounds : 

But if the Pounds the Linen coft is added to the patient of 
the Pounds the PFooil^ cijfti dimded by 8, the Bim is 65 Pouni^ 
How much was given for^each Sort ? - ^ 

Let a =: the Pounds the Luiea coft, e s the Pounds the 
Woollen coft, ^ = 4, = 1000, 8, 1 = 65. 



a a 



3-r- 



3 
4 



a a 

-7- + ^ -^^'1^ d 
b 



a + — rr x 

' m 



By the.Queftion. 



aa . , 



2 m 



Of ^adratic E c^u A x i o n s. 177 



5 — w 

4 . 6 

3 + ^ 

9 — m X 
10 X 



5 
6 

7 
8 



10 
II 



b 

— •^mx — ma=^a — a 
h 

aa ^ t , 

— J^a'^-mx — ma^d 

a a ^ J 

— -X-a — ma-zid — mx 

aa-^ba-^bma^kd^bffix 



Here the Equation appears ^iadrSiu^ and the fir^^ Power of 
the unknown Quantity has two Co-efficients b and b both 
which are known, but b — bm =4 — 32 = — ^B, therefore 
as — 28 is a negative Quantity, fubftitute — a = — 28, or 

— 2 = ^ — »i, then the J aft Equation becomes, 

- By Subftitution | 12 | aa-r-za^zbd — bmx^forba — bma 
is a negative Quantity, b m being greater than b : And com- / 
pleating the Square as before, . / 



12 c n 



13 



a a — za-^^^ zzbd — hmx-] , 

fox^lx^^^ + —. by Art. 9, 
224 



Z X 



And extracting the fquare Root a$ in the former Queftions, 



13 «M 2 



14 + — 

2 



By the fixth E- 
^uatioD> 



14 a 



15 a- 



16 £ 



— = * / ^ « — b m A- -J- — 
^ 4 . 

\yb4'^bmx^^i + ^ 1^ 60 

4 ^ 
(Pounds, t)je Linen coft. 

m X '^jfi.^a ^zz. 40 Pounds, the 

^ (Woollen coi^ 



A a 



proof; 



178 



ALGEBRA. 

PROOF. 



ff. +a + e= lOOOi 
4 



75? refohe a ^adratic Equation when the Square of 
the unknown S^antity has a Co-e^cient* 

58. But if the Square of the unknown Quantity has any 
Co-cfiicient befides Unity^ or I, then before you begin to com^ 
phat ihe Square^ divide every Term in the Equation by that 
Co-efficient, after which compleat the Square, and proceed as 
before. 

Queftion 66. To find two Numbers^ that the Square of the 
greater hein^ multiplied by 4, if this Produ^ is added to 3 times 
the leffer^ the Sum Jhall be 1606 : 

But tf 5 times the greater is added to 6 times the UJfer^ the 
SumJhaUbe 112. 

Let a z=z the greater Nuiiibcr, e ~ the lefTer Number, 
^ — 4., = 3, iw 1606, j) — ^, A- ::::: 6, 2. ^ il2. 



I 

2 



^b aa 

« 


3 


de :z: m-— b aa 


3-^ 


4 


pf^baa 




5 


9ee^%^p a 




6 


X 


4 . 6 




%^pa _ m '^haa 


7 


X d 


7 


8 


X m^xba a 



%Kd 
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8 X ^ 

9 -|- jr ^ 



9 

10 
f I 



(It, — d p a 'iz. X ' — x b a a 
X h a a dz — d p a ~ X m 



The Equation appearing to be ^adraticy and all the known 
Quantities, except thofe which contain the unknown one, being 
on one Side of the Equation, and the higheft Power of the 
unknown Quantity having a Co efEcieat, divide by that Cp- 



xm^ dz 



To avoid the Trouble of dividing the Co-efficient of 

xb 

by 2, and fquarlng the Quotient, and adding it to both Sides 
of the Equation to compleat the Square, as in the forxaec 

Q^ieflionSy fubftitute — r =: = — .625 then, 

xb 



By Subiiitution 

13 f a 



aa^ra = 



X ?n -^*d 3 
1(1 



, rr xm — dz , rr 
^ xb 4 



Now extradtng the fquare Root as in the laft Qiieftton^ 



14 UM 2 



By the fixth Step 



15 

16 

17 



r /xm-^dz »rr 
a =sc/ + — 

a - y -7 1- — : + — — 20, 

^ xb 42 

(the greater Number. 
i = inll n 2, the lelTcr Number, 



PROOF. 



^ a a -V- 3 e? — 1 606. 
^ a S C 112. . 



QueAba 



i8o 



A L G E B RA. 



Queftion 67. Two GameJierSy A and B, hfing at the Garmng-' 
Table upon comparing their Lojfes^ found ^ thai if the Square of 
the Pounds A lojhwas mtdtiplied by 5, and this Produ£i added to 
6 times the Pounds B Icft^ the Sum was 548 Pounds : 

But if the Pounds A lo/i was multiplied by 3, and to this PrO' 
duSi adding the Pounds. B loft multiplied by 2, the Sum was 46 
Pounds. To find the Lofs of each ? 

Let a = the Pounds A loft, e = the Pounds B Joft, Jf = 5, 
=: 6, ^ = 548, ^ = 3, 35 s= 2, r = 46. 



i^xaa 
3-7- m 

2 — ^tf 
5 — 2 

4 . 6 

7 X »J 

8 X z 
g-^zxaa 



I 

2 

3 
4 

5 
6 

7 

8 

9 

10 
II 



me z=.d'^xaa 
^ ^ — xaa 

m 

ze^ r — ha 
r — ba 

z 

r — ba d — Jf^tf 



m 



rm 



mha 



£s.d — xaa 



r m'^mh a =i%d'-'%x a a 
zxaa^rm — mba^ zd 
zxaa — mba—zd — rm 



The Equation being ^adraticy and all thofc Terms which 
contain any Power of a being on one Side of the £quation> 
divide by the Co-efficient of its highest Power. 



II -r-ZX 



By Sub(litutiOii 
13^ D 



' mba zd — rm 

12 a a zi 

zx z X 

m h 



13 
14 



Sabaitute-- £» III — _=: — 1.8 

zx 

zd — rm 
aa^pazz - 



zx 



aa 



4 zx 4 



14 uu 2 
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2 %x 4 

Z X 4 2 



■I4 uw 



. By the fixth Step 



15 
16 



17 



(Pounds, the Sum loft by A. 

mil = 8 Pounds, the Sum 
a (loll by B. 



PROOF. 

5 tftf 4" ^ 548 

3 4 2 ^ := 46 

Qucftion 68. Two Brothers^ A B, trying each other's 
Skill in Algebroy fays the eldejl Brother^ the Sum of our Ages 
is 45 • 

But^ fays the youngej}^ if they are multiplied together j the Fro* 
duSt is 500. fP^at is the Age of each of them ? 

Let a — the Age of the eldeft, e = the Age of the youngeft, 
X =s 45, j> = 500. 



I — ^ 

3 ■ 4 



a=is — e 

a = L 
e 

e 

p = se — ee 



2 
3 

4 

5 
6 



Becaufc the Square of the unknown Quantity has the Sign — , 
therefore tranfpore it, that the higheit Power of the unknowa 
Quantity may have the affirmative Sign. 



6 + if / 


7 


ee-^-pz^se 




8 


ee — se — p 




9 


e e~^ se ~ — p 








9^0 


to 



ss 

T 



10 euu2 



i8o 



ji L G E B R j1» 



Queftion 67. Two Gamejiers^ A and B, lofm^ at the Gcm'ing" 
^abUs^ upon comfat big their Lojjes^ founds that if the Square of 
the Pounds A kjhwai multiplied by 5, and this Prodidl addad iQ 
6 times the Pounds B lojiy the Sum was 54.8 Pounds : 

But if the Pounds A lo/i was multiplud by 3, and to this Pro^ 
du£i adding iht Pounds B loji multiplied by 2, the Sum was 46 
Founds, To find the Lojs of each ? 

Let a = the Pounds A loft, e = the Pounds B loft, Jif = 5> 
m =2 6y d 548, ^ = 3, 2j S5S 2, r = 46. 



r 
2 



3 
4 



2 — ^ j 5 

" 7 



f ^ ' - ^ I By the Queftion. 
c» •+• ze 2^ f J 



4 . 6 



7 >^ 



7;? 



8X2 

10— 



8 

9 
10 

II 



me =.d — X aa 
^ d — xaa 

m 

ze-^ r — ha 
r — ba. 



r — ba — xaa 



m 



rm—^mba 



=zd—*xaa 



r m ^ mb ar=.% zxaa 
zxaa-\-rm — mba zzzd 
zxaa — mbazz zd^rm 



The Equation being ^uadraticy and all thofe Terms which 
contain any Power of a being on one Side of the Equation, 
divide by the Co-cfficicnt of its higheft Power, 



11 -^zx 



' mba zd — r m 

12 a a zz. 

zx zx 

m h 



jBy Subiiitution 
j^c O 



14 



bubiUtute — p =1. = — 1. 3 

zx 

zd — r m 



zx 



4- 



14 UM 2 



^4 wtf ^ 

2 



. By ihe fixth Step 
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iSi 



15 

17 



^ p ^ d — rm 



% X 



a^JlIEl^ +Lt: + t= to 

% X 4 2 



h a 



(Pounds, the Sum loft by A* 

z:i 8 Pounds, the Sum 

(loll by B. 



PROOF. 

^ a a b e -zr. 548 
3 + 2 ^ 4^ 

Queftion 68. TVti Brothers^ A B, /ryr;?^ ^^^c/; other'*! 

Skill in Algebra^ fays the ddejl Brother, the Sum of our Ages 
/J 45: 

But^ fays the youngejl, if they are muUipUed together^ the Fro^ 
du£i is 500. ^l^at is the Age of each of tbem P 

Let ^ ti.e Age of the eldcU, ^ = the Age of the youiigeft, 
J — 43, ^ - 500. 



2 e 

3-4 

5X ^ 



I 
2 

3 



5 
6 



ae 
a^s ^e 

e 

L = :-e 

e 

p — s e — ee 



Becaufe the Square of the unknown Quantity has the Sign — , 
therefore traiifpolc it, that the highc^ Power of the. unknowa 
Quantity may have the affirmative bign. 



6 ^ee 

9 t □ 



7 
8 



10 



ee = se — p 
e se zz. — p 



ee^ze-T- — = 

4 4 



—P 



10 uu 2 



1 82 
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10 tw2 

By the third Step 



II 

12 

^3 



^ — -J — 25, the A^e 

^ fof the youngeit. 

a ^ s^gz=: 20> the Age ot the eldeft. 



This Anfwer to the Queftion contains an Alfurdtiy, for e that 
is put for the Age of the youngeft Brother is 25, when a that is 
put for the Age of the ^ideji Brother is only 20* 



T!he two Roots of ^adratic Equations explained^ 

59. And now we (hall explain to the young Andyfl^ that in 
every ^adratic Equation, the unknown Quantity has two 
Values or Roots, fometimes one is affirmative^ and the other 
negative^ and fometimes both are affirmative. 

There are three Fcrms of Quadratic £f|uat1ons. 

The firft is the fixth Step of Queftion 6o, where we have 
4e h e-=im. 

And of this Form are the Equations at Queftion 61, Step 7. 
Queftion 62, Step 9. Queftion 63, Step 9. Queftion 64, 
Step 12. 

The iecond Form is the twelfth Step of Queftion 65, where 
we have aa—zat=zb d — bmx* 

And of this Form are the Equations at Queftion 66> Step ii. 
Queftion 67, Step 13. 

The Difference between thefc two Forms of Quadratic Equa- 
tions, is only in the loweft Power of the unknown Quantity 
having the Sign -|- or — , for in the (irft Form it has the Sign 
+, it being b but in the fecond Form it has the Sign for 
it is — z a. And if the Joweft Power of the unknown Quan- 
tity has Ifeveral Cc-'fTicients conne<^led by the Signs -f« or — , 
as 3t Queftion 64, Step 12. Queftion 65, Step 11. Then if 
the Suiri of the pojitive or aj^rmative Co-efficicnts exceeds the 
Sum of the negative Co-efficients, the Equation is of the firft 
Form : But, on the contrary, if the Sum oi the negative Co- 
efficients exceeds the Surn of the pojithe or aJfirmatiVe Co- 
cfficientS) then th€^ Equation is of the fecond Forn^. 

a. But 
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But the third For?n is the ninth. Step of the laft Queftion, 
where we have ee — ^ £ — — /», which diiFcr . from the other 
two Forms of Qiraiiatic Equations, in ihio, thai if the Side of 
the Equation, which is known, confills but of one Quantity, as 
in the prcfent Cafe, it has the Sign — ; and if that Side of the 
Equation confirts of feveral known Quantities conne£^ed by the 
Signs -\- or — , that then the Sum of the negative C^iantities 
is always greater than the Sum of the affirmative (^antities; 
but in the full and iecond Fcrm^ if there is but one knowa 
Quantity, which compo(es that Side of the Equation, it will 
always have the affirmative Sign ; and if there are feveral knowa 
Quantities conne6ked by the Signs -|- or — , that then the 
Sum of the affirmative will always exceed the Sum of the 
negative Quantities. 

Now of the two Values or Roots of a in the firil and fecond 
Form of Quadratic Equations, one is affirmative y and the other 
negative \ and as the negative Value in thefe Equations does 
• not come out in the Operation without a Miftake in the Work, 
therefore thcfc two Forms of Quadratic Equations give the 
true Numbers required. 

But the two Values or Roots of a in the third Form are both 
affirmative^ and the Anfwer fometimes giving one, and fome* 
times the other Root, and it being doubtful in mahy Ca(es 
which of thefe two Values of a will anfwer the Conditions of 
theQueftion; this Form of Quadratic Equations is therefore 
called the Ambiguous Form. 

Before we fliow the Reaibn of thefe two Values or Roots of 
the unknown Quantity in Quadratic Equations, and how from 
having found one Number, or Value, the Learner may find the 
other Number ; we fhall explain the Diviiton in Algebra, where 
the Quotient coniifis of feveral Quantities conne6led by the 
Signs and — » 



60. The Nature of Divijjon explained^ when the ^otient confiftt 
of feveral ^4antities conneSfed by the Signs + or — . 

To render this the eaficr to the Learner, Jet us refume 
Example i. Article 22, where we are to divide ab -{-am by 
which being placed as ufual in common Arithmetic, thu$» 



Now 
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Now the Number of times a may be' 
had in ^2 ^ is ^, that is, h is the Quotient 
ah divided by a ; place b in the 
Quotient, multiply it by and place 
the Produ£t ^ ^ as in common Divifion, 
and fubftrading it from ah am the 
Dividend, there remains am'y then find 
how many times a will go in amy and ( 
it is 777, that is, vi Is the Quotient of am * 
divided by tf, and becaufc the Signs of 
the Divifor a^ and Dividend am are 
alike, therefore it muft be -f- m, which 
being placed in the Quotient, :nd mul- 
tiplied by /3, the Product is ^ which 
placing under a and iubftra£ling it 
iVom a w, there remains o. 

Hence the Quotient is h m» 

To divide xx'\-xm'\'X(ii/hyx. 

x)xX'\'Xm'\'Xah(x']^m'\'ah 

XX 



a) a h-\' am + w 



ah 



X m X a h 

X m 

xah 
xah 



'{'am 



-{-am 



Here dividing xx by x^ the Quotient is jr, which placed 
in the Quoiient, and multiplied by the Divifor Xj and placing 
the Produ£l x x under the Dividend, from which fubftra^ling 
it, there remains xm -^xah. 

Then dividing xm by jf, the Quotient is m, or + ot, for 
the Signs of xm and x are alike, put + in the Quotient, by 
■which multiply the Divifor Xy and put the Product xm under 
j^^i X £i I', and (ubllra^king, there remoins x a h. 

Then dividing xah by a', the Quotient is ab^ ox-^-ab^ 
for the Signs of x n h and x are alike, put -|- in the Quotient, 
hy which multiply the Divilbr a-, and put the Product xah, 
tinder xah^ and f uhflradting, there remains o, heacc the Quo- 
tient i& X m a 

To 
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To divide xx^7.xa '\'aahyx'\-a, 

X X xa 

xa -\~a a 
xa"\-aa 



Dividing A' ^ by A-, the QLiotient is x, hy which muftip'ying 
the Divifor x + a, the Produd is x x + r ^, v/hich placed under 
the Dividend, and fubftradtcd, there remains x a a. 

. Then dividing xahy x^ the Quotient is or + a, for the 
Signs oi xa and a are alike, put a \n the Quotient, multi- 
pl> ing it by the Divifor jt + the Produa \s x a a a, which 
put under the Remainder xa^aa, and lubftradiiig, there 
remains o, hence the Quotient isx-^a. 

To divide aa — Bb by + h* 

a'{'h)aa — hh {a — h 

o a -\' a b 



— ab^bb 
^ab-^bb 



Dividing Aahy the Quotient is ^7, and muhiplying the 
Divifor by tf, gives this fubftraacd from the Divi- 

dend leaves — ab—bb% for here' the Quantity tf^, which is 
to be fubftraacd, is, by the Rule for Subitraaion, to have its 
Sign changed, and then added, hence -f-^^ becomes in the 
Remainder -^ab, 

Then dividing — A by a, the QLiotient is — ^, for the 
Signs Q\ ab and a are now unlike ; multiplying the Divifor 
a h, by — /r, and fubftraaingtheProdua— ^7^ — from 
the Remainder— <r^—^^, there remains o, hence the Quo- 
tient is a — b, ^ 

To divide 47 <7a — ^^^^^V ^^xx — xxx hy a — 

a-^x) traa — 2^ax -\r ^axx-^xxxiaa — zax + xx 

aa a — a ax * 



— ^aax-\-'iaxx — xxx 




In 



ALGEBRA. 



In thefe Divifions we may at Plcafure take any Term \n the 

Dividend we have a Mind to ufe firft, and find how many 
times any Term in the Dtvilor can be had in it, and when the 
Divilor is inuhiplieci by [he Quotient Quantity, we fubllract it 
from the whole Dividend, that is, take any Term in the Pro- 
du6i;, from any '^l erm in the Dividend, without regarding 
whether they lland immediately over one another or no. 

And lo dilcover how many limes any one Quantity can be 
had in another, we ar-e only lu confider into what Quanuties we 
mud multiply that Term in the Diviiur, to make it the fame 
with the Term in the Dividend, at which we afk the Queftion. 
Or, it is no more than to find the Quotient, which arifes from 
dividing that particular Q^iantity in the Dividend, by the Quan* 
tity in the Divifor, which is done by the Rules in Divifion. 
Let us take the lad Example, and change the Pofition of the 
Quantities : 

— X :■■ X '\~ (7xy 

■ . II . . iL. my ^ - I — — • 

aaa^zaxx — ;^<3ax 
aaa — ~ aax 

2axX'^2aax 
2axx^2uax 

o 

where vvc have the fame Quotient as before. 

The 7>uLh of thefe Operations is proved as in Divifion of 
common Numbers, for if the Work is true, the Quotient being 
nmitiphed by the Divifor, ^he Produ^ will be the given Divi- 
dend^ thus in the laft Example, 

X X -^aa^iax 'n the Quotient. 

— A- 4- 

'^xxx — aax '{'2axxtht Produ£l from, multiplying scx-i-aa 

— 2axy by — jp. 
axx'\'aaa'^2aax thQ Produ<ft from multiplying xx + 

a a — 2ax9 by a* 

— XXX — ';^^aax-\'^^ixx-\-aaa the fame with the given Di- 
vidend, for though they do not ftand in the famePofition as 
in tiie Example, yet as the Quantities in each Term arc 
alike, and they have the fame Co-efficients, and conne6ied by 
the fame Signs^ their whole Valuei or Amount^ muft be the 
fame» 
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^he Manner of finding the two Roots, or Values y of 
the unknown Siuantity in ^adratic Eq 

61. Now to find the other Value of a, in the Ambiguous 
(Quadratic Equation, QLieftion 68. 

Take the Work at the Step immedi;itely before you begin to 
compleat the Square^ which is at the nmth Step, where the Equa- 
tion is - - - e e — —p 

Make this Equation equal to nothings 2 , 
hy tranrpofing^ . . — se^p=^o 

i hen put it in Numbers, and it 1$ — 45 ^ 4- 500 = o 

By the W ork wc found - - ^ :z: 25- 

Make this Equation equal to nothmgy by tranf- 7 ^ 
pofmg the 25, thus, - - - y 25 — 0 

Then divide ee — 45 ^ + 500 by ^ — 25, thus, 
25)^^ — 45^ + 500 (tf — 20 

— 20^ + 500 

o 

Hence the Quotient Ue — 20, but as the Dividend is nothings 
for < ^ .-^45 ^ -|- 500 = 0 as above 5 and as the Divifor e — 25 
Is nothings for ^ — 25 = o as above, it follows that the Quotient 
muft be mthitig^ or equal to nothings that Is, 20 = o 5 then, 
tranfpofing 20, we have e = 20, which is the other Value of 
in this Quadratic| Ambiguous Equation i therefore, I fay the 
youngeft Brother was but 20 Years of Age. 

And upon this Value of ^, if we take the third Step of the 
Work to the Queftlon, that is, « =: j — ^, we {hall find ^ = 25, 
whence the eldejl Brother was 25 Years of Age, and thefe are 
the true Ages of the two Brothers ; for their Ages anfwer the 
Conditions of the Queftion, and it is a poflibie Cafe, whereas 
though the other Numbers anfwered the Conditions of the 
Queuion, yet it was impoflible for the youngefl £;other to be 
25, when iheW<i>/? was but 20 Years old. 



B b z 



From 
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From the Work of the Queftion we found - ^ = 25 
But now we liave found - - ^ ^ 20 

The Sum of thefe two Values of ^ is - - 45 

But obferving where we put this Quadratic Equation into 
Numbers, and made it equal to nothings we (ball find the 
Co- efficient of the firft Power of « to be — 45, but the Sum of 
the two Values of ^ is -f* 45, as above, and concerning thcfe 
^adratic Equations, Algehraifts give us this 



SCHOLIUM. 

62. That in Quadratic Equations the Sum of loth ibs Roots, 
•r ValuiSy of the unknown Quantity, ts equal to the Co-efficimt 
of the lowe/i Power of the unknown ^antlty, at the Step im" 
jnediatsly preceding the compleating the Square^ but wilt have the 
contrary Sign j that is, if the Co-ef&cient of the loweft Power 
of the unknown Quantity has the Sign -|-, the Sum of both 
the Roots will be the fame as the Co-efficient, but will have 
the Sign — . 

And if the Co-efficient of the loweft Power of the unknown 
Quantity has the Sign — , then the Sum of both the Roots, 
pr Values, will be the fame as the Co-eiHcient, but will have 

.the Sign 

Therefore having found any one Root, the other is eafily 
found* 

« 

63. ^0 find the other Value of the unknown ^iantliy in the firfi 
For?n of Quadratic Equatio?i!iy or where the Co-ffficicnt of the 
loivtj} Po'iuer of the unkuoivn Quantity has thii Si^n -{-^ it is done 
hv adding the Value of :he unknown ::^uantuy found from the 
U: -ration^ to the Co-effidmt of its loweji Foiver^ and to their 
^mn prepx the ^ign — • 

Thus at Qucilion 60, Step 6, the Co-efficient of e^ 7 
is />, or • - * - - i 

To which adding the Value of ^, as found by that I 
Operation, - - - - J , ^ 

The i^utn is - - . • • .^S 

And 
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And prefixing to this 15 the Sign — , and this is the other 
Value of that is, ^ =: — 1$, which is an imaginary Value 
of it being abfurd for a pofttive Quantity to be equal to a 
negative one. 

However, we ihall find this imaginary Value of ^, if we pro- 
ceed by Divifion according to the Dire£lions at Arc. 6i. 

For the fixth Step, Queftion 6c, is that which immediate- 
ly precedes the compleating the Square, where the Equatioa 
is - - - e e b e^m 

Which in Numbers - - -/^-{" ^0^=75 

Tranfpole 75, to make the Equation J aeJ^ii^e 7c — o 

^i^val to nothing - - 3 ''"MO^ 75 — 

By the Work we found - - - e ^ 

Tranfpofe 5, to make this Equation equal to nothing 6 — ^ — 9 

Then dividing ee loe — 75 by ^ — 5, 

ee-^ Se _____ 

15^^ — 75 ■ * 

15^ — 75 



Hence the Quotient he+ 15, but as the Dividend is equal 
to notbingy iov ee^ioe — 75 zzo, and as the Divifor e — 5 
is equal to nothings iox e — 5 =z 0, as, above, confequently the 
Quotient muft be equal to nothings that is, £ 4- 15 = o, by 
tranfpofing the 15, we have ^ = — 15, as before. 

For another £xampie of this Kind tnkc Queflion 61, where 
the feventh Step is that which immediately precedes the com- 
pleating the Square, the Equation being ^ ^ -f w =s *• — ^, 
which being put in Numbers is - # ^ -|- 6 ^ = 112 

By tranfpofing 112, to make the £qua« \ \ f. 

iion equal to we have • * ii2— o 

By the Work it was founJ - - * is 8 

Tranfpofing 8, to make the Equation equal to ) ^ _ 

tiothingy we have - - - • 1'"^ ^^, 

And dividing to find the other Root of as before, 
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^— -8)tf ^ + 6^ — 112(^4. 14 



14/ 112 

1 4. ■ — IT?. 



O 



Hence the Quotient is ^ 4- 14> which for the fame Reafon as 
before, it is ^ 14 = o, hence ^ = — 14, for the other 
Value of e. 

And this Valae of e will be found by the Rule .Art. 62. 

Thus at Queftion 61, Step 7, the Co-ejEciexit oi el ^ 

is m« or - - - - I ^ 

To which adding the Value of ^, found at the } ^ 
Operation - - - - • J 

The Sum is - - -14 

Then by the Rule prefixing the Sign — to 14, we have 
— 14 for the other, or imaginary Value of the fame as 
before. 

But if vvc add thefc two Values of e together, we iliaU find 
their Sum anfwer to the Scholium^ Art. 62* 

The firfl Value of e \s m . . 8 

H hc fccond Value ul ^ is - 14 



Hence their Sum is the lame with the Co«eiEdent of ^, but 

has the contrary Si2:n. 

If the Reader has a Mind to profecute this Speculation, he 
Hiay try Qt^ielHon 62, Step 9. QticlVion 63, Step 9. Queftion 
64, Step 12, or 13, 'vliich are Equations of this firfl Form, 
as well as iome that follow them. 

T ? ^nd the other Value or Root of the unknown ^uan^ 
tity in the Second Form of ^uidratic Equations* 

64. The fecond Form of Quadratic Equations, is when the 
Co efficient of the loweft Power of the unknown Quantity has 



given Eq^t tion^ at th^ Step immdiateiy preceding the compleating 



— 6 
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ht Sfuare^ from the Vdug of the unknown ^entity found by thg 
Pf^orky to the Remainder prefix the Sim — , and it will be the other 
Value of the unknown ^aniity» Or place down the Co- efficient 
with its Sign — , to which add the Value of the unknown J^uniity 
found By the JVork^ and to this Sum prefix the Sign — , and it will 
be the other Value^ or Root of the unknown ^antity, 
• An £<)uationo£ this (econd Form is Step 12, Qiieftion 65^ 
where we have aa-^za::! bd^hmx. 



Here the Co-efficient of is — z, or - - 28 
And the Value of a found in that Equation is - H~ 60 

The Sum is 32, but to it prefix the Sign and l" ' 
it is — 32, the other Value of <?, which is imaginary ^ S 3a 
as it has the Sign—. 

And if we proceed by Dividon according to (he DIre6^ions at 
Art. 61. we fhali find this imaginary Value of a* 

Thus if we take the twelfth Step of Queftion 65, which 
immediately precedes compleating the Square, we have this 
Equation - - a a — za=zhd — hmx 

Which being put in Numbers is - a a — 28 ^ = 1920 

Tranfpofing 1020 to make the) „ 
Equation equal to . S ^ 1920 = o 



By the Work it was found - - ass 60 

Trai 
nothing 

And dividing to find the other Root of a, as before> 



Tranfpofe 60 to make the Equation equal to J ^ 60 ~ 



« — 6o)tftf ^ 28 — 1920 (j-4-32 

^2 a — 1920 
32^7 — 1920 



Hence the Quotient is a 32» which becaufe tlie Dividend 
and Divifor are each equal to nothings coofequently the Quotient 
mufl be equal to nothingy hence - <i 32 =: o 

By tranfpofing 32, we have . = — 32, the fame 

imaginary Value of as before. 



And 
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And if we add thefc two Values of a together, WC ihail find 
their Sum agree wiih the Scho/ium^ Art, 62. 

The V.ilueof a found by the Operation, Qucftion 65, is 60 
The Value of now found is - - ^ 32 

Their Sum i<; 28, or ?8, the fame Nuniber as the 7 a 
Co-ei&cient of <2, hut with a contrary Siga - 3 ^* 

Another Equation of this fccond Form is QueRioi 67, 
Strp I iy where the Equation is a a pa ^f^.,"" ^ ^ 

Which being put into Numbers is - aa^^ 1.8 a ==82 
Tranfpofing 82, to make the Equa- J g g 

lion equal to nothing - - } o^ — « 

By the Work it was found - - « ^ lO 

Tranfpofing 10 to mai^e the Equation equal tol to — % 
ttoibing - - - - i 

And dividing to iind the other Value of as before, 

a -^10)0 a — 1.8 — 82 (a 4- 8.2 
aa—— 10 a 

S,%a — 82 
8.2«— 82 



Hence the Quotient is ^ 8.2 which muft be equal to nothings 
for the Dividend and Divifor are each «qual to nothing : but if 

By tranfpofing S8. 2 we have <2=s— 8.2 which is the other 
Value of and it is imaginary^ becaufe it has the Sign — . 

The fame imaginary Value of a may be found by Art. 64, 
thus. 

The Co-efficient of ^7, is - - — 1.8 

The Value of found by the Queflion, is - i 



The Sum is - - - 8.2 

Now to this 8.2 prefix the Sign — , and we have — 8.2 for 
the imaginary Value of the fame as before^ 

And 
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And if thefe two Values of a are added together^ their Sum 
wili agree with the Scholium^ Art. 62. 

The firft Value of is ' - - 10. 

The fecond Value of tf> is - - — 8.2 



Sum - - - - 1,3 

But the Co-efficient of is — 1.8 

65. But in the ambiguous^ or third Form of 

Quadratic Equations, 

If the Value of the unknown Quantity found by the Operattony 
is fubJiraSted from the Co -efficient of its lowejl Power y at the 
Step immediately before the Square is compleatedy the Co -efficient 
being fuppojed affirmative y the Remainder is its other Value, 

At Qiieftion 68, Step 9, the Co-efficient of e isx, or 45 
The Value of /, found by the Operation, is - 2^ 

The Remainder is the other Value of ^ * - 20 

And it is this fecond Value of e that is the true Anfwer to 
the Queftion, as was obferved Page 187; and here the 
Learner may again obferve, that both the Values in this Cafe 
are affirmative^ which makes this be called the ambiguous Cafe, 
but in the other two preceding Cafes, or in the four former 
Examples, the other Value of the unknown Quantity was 
nrgaiivc^ which is only an imaginary Value, it being impofTible 
tor an affirmative^ or po/urve Quantity, which ihc Qiieliioil 
requires, to be a negative^ oi equal to a negative Quantity. 

But we may find the other Value of <?, in ambiguous QdSe^ 
by Divifion, as in the (omier Inftances, thus. 

The Equation, Q^ieftion 68, Step 9, 7 
immeciiately before the Square was com- e — s e = — p 
pleated, is - - - 3 

Which being put in Numbers, is - ee — 45^=: — 500 

TranrpofiP'^ 5C0, to make the } , ^ ^ 

X-quaUon equal to noiinng \ ^ tj t ^ 

By the Work it was found - • eiz 25 

Tranfpofing 25, to make the Equation equal 1 2c — 

to nothing • - - J 5 — ^ 

C c And 
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And divicting to find the other Value, or Root of as 
before^ 

e — 2,$)ee — 45 e -f 500 (# — 20 
ee — 25 

— 20 ^ 500 

— 20^4- 500 

o 

Hence the Quotient \s e — 20, which mull be equal to nothings 
fox the Reafon in the former Cafes, but,if e — 20 = d 

Tranfpofing 20, we have - - ^ ^ =: 20 tb* 

other Value of the fame as before* 

And in this amhiguous Cafe, if we add the two Values of e 
together, we fhall find them agree with what is faid at the 
ScboUum^ Art. 62. 



The firft Vahie of <?, is 

The fecond Value of ^, is - 

But the Co-eiEcient of ^, is — 45. 



^5 

20 



45 



The Manner of expr effing the two Roots of an 
ambiguous ^adratic Equation explainea. 



66. Now to explain the ufual Manner in which AlgehrcAjls 
exprefs the V alue of the unknown Quantity, in the amhiguout 
Quadratic Equation ; let us rcfumc the Solution of Queftion 68, 
at the eighth Step, where there is this 



jBquation 



3 «« 2 



4+- 
■ 2 



I 
2 

3 
4 
5 



^ ^ rr Si — p 
e e — s e zz. - — p 

, ss ss 
ee^$e + — =1 — —A 

4 4 
2 4 



That 
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That is, prefix both the Signs + tmd—^^ to the ^tH0hy undgr 

the radical Sigriy for that Being added to 1^ or the rational ^^n* 

2 

titles on that Side of the Equation^ gives one of the Values of e, 

but if it is fuhjlra^lcd from or the rational ^antities on that 
Side of the Equation^ then it gives the ©ihcr Value of c, thus. 



J = 45 

225 
180 

506.25 = if 
4* 



— ^ = 500. 



6.25 if—/ (2.5 = y/^^p 
4 4 ^ 



45) 3t25 
225 



Then to find the two Values or Roots of e» 



-i= 22.< 
2 ^ 



4 



25. s=s one of the Values of 



s 

— = 22.5 
2 



4 , 

20. the other Value of e^ which two Valcies 
of e are the (ame as was found at Art. 61. 

C c 2 And 
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And this is the common Method in which Algdralfls fet 
down, or exprels the Value of the unknown Quantity, in the 
ambiguous Qiiadratic Equation. 

The Reafon of Quadratic Equations having two different 
Values nf the fame unknown Quantity, is becaufe the lame 
Qijadratic Equation can be formed from two different SuppoH- 
tions, or Values of the unknown Qiiantity, or luppofin!^ the 
fame unknown Quantity to be equal to two different Numbers. 

For let us refumc the Equation e e — s e = — or e e — 45 e 
= — 500, in this ambtgnous Equation we found the lirlt Value 
of e to be 25, by making i equal to 25 » we have 



1 I ^ = 25 

2 <r ^ = 625 

3 —45^ = — 1125 

4 ee — — — 500, the fame 
with the given Quadratic 
Kquation. 

And if we take the other Value of viz, 20, we can form 
the given Eqttation, for 



1 2 

Multiplying the fiilt | 
Equation by — 45, the 
Co-efficient of in the 
given Equation 

2 + 3 



Let 

1 2 
IX — 45 the Co- 

cfficient of in the 
given Equation 

2 + 3 



I 



I 

2 

3 
4 



iezz 400 

— 45 == — 900 

ee — 4*; =: — 500, the fame 
with the given Quadratic 
Equation* 



Likcwife if we take the lirft Form of Quadratic Equations, 
t;/2. ee be = m^ or ee ic e zz: 75, fee Queftion 60, Step 6. 
Nowjhe two Values of e in this Equation we found to be 5, 
and — 15, and from either of thefc Values of ^, wc can form 
the given Quadratic Equation, 



Suppofe 
I (1^ 2 



I X 
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I X 10 the Co effi- 1 
cient of in the given ^ 
Equation - - 3 

2 + 3 



AgaiO) fuppofe 

1^2 



I X 10 as above 
2 + 3 



3 
4 



I 

2 



3 
4 



10^=: 5a 

^ <r + 10 ^ r= 75, the Hi me with 
the given QuadraticEquation. 

e e zn 225, for — 15 x — 15 
= +225, the Signs being 
alike. 

io^ = — 150 

^ ^ + 10 ^ =: 75, the lame 
quation as before. 



And if we take the (econd Farm of Quadratic Equations, vtz^ 
aa — xazzbd^hmxy or — 28 =r lo^o, fee Queftion 
65, Step 1 2. The two Values of a in this Equation we found 
to be 60, and — 32, from either of which we can form the 
given Equation^ for 



Suppofe 
I (C^ 2 



IX — 28 the Co- 1 
ciEcient of tf, in the > 
^iVen Equation - J 

2 + 3 



I 

2 



Again^ if 
I 2 



4 



I 

2 



IX — 2li the Co- 



efncient of as above 

2 + 3 



} 



3 

4 



n 60 

a a z:z 360O 

— 28 fl- =: ^ 1680 

a a — 1^ a =r 1920, the fame 
1 with the given Equation* 

11 = — 32 

aa'ziz 1024, for 32 X — 32 
=: + 1024. 

— 28 = 896, for— 28 X —32 

= + 896. 

a a — ^%az=, 1920, the fame 
with the given Equation. 



From this the Learner may obferve, that making the unknown 
^anthy equal to either of its Values y and raiftng this Equation ta 
the Square^ and adding it to the former Equation^ after it has been 
multiplied by the Co-efficient of the Icwejl Power of the unknovun 
^antity in the ^adratic Equation^ this Sum will be the given 
J^adratic Equation* 



ALGEBRA. 



Queftlon 69. Two Men^ A and B, difcourfmg of their Shil- 

linvs^ A, who had the greatejl Number^ faid^ if my Number of 
Shillhigs is divided by your's^ and ihis ^otieni is uddi^d to your 
NuTTiher of Shillings^ the Sum will be 1^', 

But if the Sum of both our Shillings is multiplied by 4» and 
this Produ^ divided by lo, the ^otient will be 22. Hw) many' 
Shillings had each Perfon f 

Let a = the Number of Shillings A had, or the greateft 
Number, e =: the Number of Shillings B had, or ielTer Number, 
1 = 15, = 4> = 10, dz^ 22. 



Then 


I 


And 


2 


I X ^ 


3 


3 — ^ ^ 


4 


1 % n 


5 


^ — me 


6 


6 -T- « 


7 


4*7 


8 


% X m 


9 


f^-\~mee 




joi^dn 




- 11 ^mse 





^ -\- e ^ s 
e 

tno -f- tttt ^ 
n 

a-\'e e ^ s e 
a — $ e^ei 
ma ^me^dn 
ma'=z dn^me 
dn — me 



'By the Queftion. 



a = 



m 



dn-me 

m 

drt'^me :=! ms e — mee 
me e -\- dn — mer^mse 
me$ — me ^ ms e — dn 
mee — me-^m$es=.—dn 



Here the Equation appears to be Quadratic, and of the amh- 
guous Kind ; becaufe dn, the known Side of the Equation, has 
die negative Sign. Then by Art. 58, dividing by m, the Co- 
efficient of e ey 



I2-T-'» 



13 ee — e — ss — 



dn 



For m be* 



m 



ing in every Term on one Side of the Equation, dividing that 
Part of the Equation by is only to call away /tz out or every 
Term of that Side o; the Equation, and Iq dwidc the o^her 
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Side of the Equation is only to place w as a Denominator to it. 
The Equation being now prepared for compleating the Square^ 

and the firft Power of e being in two Terms, viz, e se 

whofe Co-efiicients arc i, and — j, * 



Therefore 
Subilitution 

14 <^ O 

15 lUf 2 
l6+± 



i 17 



Subftitute — 2 = — . I J, then hf 
dn 

m 

4- 4 m 



d n 



2 4. m 



2—4 m ^ 



(that is, ^ is either 5, or 1 1. 



And if e is 5, we fhall find ^? rz 50, by the f:>urth Step 
which two Numbers of Shillir-^ nn^vrr the Conditions of the 
Queftion; or, if we fuppofe e — u, tnen by the fourth Step 
we fhali find a -z 44, which two Numbers will Jilcewtfe anfwer 
the Conditions of the Queftion : But fometimes one of the 
Numbers, or Roots, of thcfe ambiguous Equations, will not 
anfwer ail the Conditions of the Qicflion, as at Queftion 74, 
and then the other Root muii be lound. 



Queftion /o. Two Merchants^ A and B, had gain cd In Trade^ 
hut A, who gamed the moft^ founds that if the Square of the 
Pounds he gained was multiplied by 2, and the Produa added to 
8 times the Pounds B gained^ if this Sum was divided hy 4, the 
^otient was % 16 Pounds: 
^ But if 3 times the Pounds A gained, was added to 10 iimei 
the Pounds B gained^ and this Sum divided by 40, the ^otient 
was 5 Pounds. How many Pounds had each Man gained ? 



Put = the Pounds gained by A, ^ = the Pounds gained 
by B, ^ = 2, w = 8, j> = 4, dzz 816, h-z, « ^ ,0. 



zoo 
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1 

S.8 

9X2; 



3 
4 



6 
7 
8 



j 



By the Queftion, 



me ::z pd — xaa 

p d — X n a 

' m 

b a -^ze^ rn 

ze sssrn—b a 

rn^ba 
e = ■ 



10 
II 



rn — ha ^pd — xaa 

Z rn 

zpd — zxaa 
^ha^^ ► 



rn 



m 



mrn'^mba^zp d—zx aa 



Tranlpofe zje^j^, that the higheft Power of the unknown 
Quantity may have the Sign +. 



12 — mm 13 



zx a a-\- mr n-^mb a z p d 
zxaa — m b a ::z % p d — mr n 



The Equation now appears to be Qiiadratic, but to know if 
it is ambtguousy find which Quantity is grcateft zpd^ or w r «, 
but zpd\% 32640, and »i r » is only 1600, hence zp d — mrn 
^2640—1600 = 310+0, which being an affirmativt Num* 
berf the Equation is not ambiguous, by Art. 59. But be- 
caufe the Square of the unknown Quantity has a Co-efficient, 
therefore, by Art 58, . 



I3^z^ 



Subiiitution 
2 



15 
16 



aa 



m 



ba ^ zpd — mm 



%x 



%x 

m b 



Subftitute — X = — _ then by 

zx 

zpd — mrn 

a a — i <i — — 

zx 

, $s zpd — mrn , ss 

aa^sa+ -^"^^ r-7 

* 4 s.-^ 4 

16 Utf 
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l6uM 2 



17 
18 



J- 



T — 

%x 4 



t ss . s 

+ T' + - 
4 2 



9 

By the eighth Step j 19 



(r=40» the Pounds gained by A. 

^ ^ 8, the Pounds gained 



Queftion 71. J Father^ by his IVtlly left bis two Sons^ A and 
B, Jucb a Portion, ivhcrccf A had the greatejl Fortune ; that if 
the Square of the Number of Pounds he was to have^ be multiplied 
by 2, and to this Produtl there is added the Number of Poundi B 
was to have ryndtiplicd by 35, the Sum ivas 6400 Pounds : 

But if the Numbtr of Pounds A was to have^ be multiplied by 
20, and this Produul udded to the Number of Pounds B was to 
have multiplied by 15, the Surn was 1600 Pmnds. "^o find the 
Fortune of each ? 

Let a zz the Fortune of A, ^ = the Fortune of B, ;e r: 2, 
m 35, d = 6400, b = 20, z = 15, r == 1600. 



i — xaa 
2 — ha 

4 * 6 

7 X z 



r 

2 

3 

4 

5 

6 



8 



Z ] % the Queftion. 

d'^xeta 
e — ,, ^ 

m 

r—'ba 



•z 



ba 



2 

r — ha = 



d — V a a 

m 

%d — zxaa 
m 



8x/«j 9 \mr^mha:s=.%d — zxaa 

Tranfpofc zxaa, that the higheft Power of a mzy be 

affrmative^ 



9 -|- zxaa 
10 — mr 



10 
ii 



+ — mha zd 
zxaa — m h a = zd^mr 
D d 



The 



202 



A L G E B Rji. 



The Equation now appears to be Quadratic, and to know if 
It is ambiguous^ find what zd and mr are in Numbers. But 
zd — mr 96000 — 56000 = 4OCCC, a pofttive Quantity, 
whence the Equation is not ambiguous by Art. 59 And be- 
caufe the Square of the unknown Quantity has a Co*eiiicient» 
therefore by Art* 58, 



1 1 -r- Z A' 



Subftttution 
14 uu 2 



12 



13 

15 



fff^^i a:^/ — mr 



%x 



zx 



Subftitute — f = -1 then by 

zx 

zd — mr 

aa — sa'zi — 

zx 

+ SS zd — mr , ss 
— = H 

4 --^ 4 



+ — 



16 |a = v/ 



2 ^A- 



2 ;ir 



4 2 



s= 49.9999, becaufe of the Imperfection of the Decimal 
Fiadion j the true Number being 50, from which by 



The fixthStep j 17 j ^ = 



r^ha 



= 40« 



Queftion 72. What are ihofe two Numbers^ the ^otient 
of the greater divided by 5, and added to the lejjery the Sum 
may be 121 

But the Frodu^ of the two Numbers divided by 4, the patient 
is 4of 

Put a = the greater Number, e =: the lefler Number, 
^ =3 5, =: 12, 4, ^ = 40. 



the Queflion, 



X X w 
2^me 
2 Y.d 



3 
4 
5 




a ^me mp 
a =z mp — me 
aessidx 
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4.6 7 

7 X ^ 8 

8 -j- ;w ^ ^ 9 

9 — d X 10 

10 — II 



d X 
e 

fl X ~ m p e — m e e 
HI e e -\- d X iz mp e 
m e e ~ mp e — dx 



Here the Equation not only appears ^adratic^ but Ambiguous^ 
for d X the known Side of the Equation is negativi^ Now 
by Art. 58. 



II -r- m 
' 12 f □ 

13 2 
2 

The fixth Step 



12 
15 



dx 

e i — ^ ^ = — - — 

m 



ee 



44m 



2 4 >« 

?. 4. m 

that is, ^ is either 8> or 4 : But if 
e = 8, then by 

= — =20. Of if ^ ~ 4, thea 



16 



if = 40, either of which anfwers the Queftion. 

Queftion 73. Two young Gentle?nen having been at the Gaming^ 
TableSy and being ajked by their Friend what they lofl^ which being 
afhamedto own^ A faid^ if the Nu/nLir of Pounds I lo/i is divided 
by 4, u/jd this added to the Number of Pounds B lojl divided by 2, 
the Sum is 9 Pounds : 

But if the Produ^ of the Nimiber of Pounds we both loft is 
divided by 10, (^nd extrucil^ig the fquare Root of this ^otienty 
it will be 4. How much did each Perjon lofe P 

Let a n the Number of Pounds loft by A, ^ = the Number 
of Pounds loft by B, ^ = 4, = 2, w =r 9, = 10 : as the 
Nuirber 4 is in the firll Part of the Qj^ieflion, and it being 
again repeated, there is no Occafion for any new Letter. 

D d 2 I a 



jI L G Em S R 



'-7 

3 X * 

2©- 2 

5 

4-7 
S 

9 X i 

10 -i-^ 



II + 
13 ^dme 



14^ □ 



16 + 



15 uu 2 
dm 



3 
4 

5 

6 

(-> 
/ 

8 
9 

10 

1 1 



Z2 
14 



15 
16 

17 



J+T- 



By the Queftion. 



a 



P 

ae — pbb 



e 

1 
be 



e d 
p b h ^ h m e — 

d 

dphhizdh?ne — he S 
Dividing by by Art. 53. 
dphzzdm e e e 

To have the htgheft Power of e affir- 

mathgy tranfpofe^^. 
e e ^ dp b dmi 
ee-ZLdme — dpb 

e e — d m e dpb 
Here the Equation appears quadratic^ 
and ambiguous. 

J . ddmm <I dm m , , 

2 4 

d m 

^ = ± v/- — ^ =: 9 ± I, 

2- 4 



that is, £ is either 8, or lO, whence by the fourth, or feventh 
Steps> we fiiall hod <i =: 20, or 16. 

Queflion 74. the rlgJit-anghd Triangle ABC, //;^t^ h 
givm the Hypothenufe AC = iO, and the Sum of the Bafe A B 
tfW Perpendicular BC = 14. AB tf;?^/ P^r- 

fetkUcukr B C ? See Figure, Page 206. 
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T T O .\ S. 



^,0 " 



Let AC ^ == 10, AB + BCr=: = 14, AB ^; and 

becaufe A B + B C = 4:/, therefore from this iubiicadiug A 
or tf, we have B C ?= d — a. 

Having exprefled all the Sides of the Figure in Symbols, and 
there being but one unknown Quantity, we are only to raife 
one Equation from the Property of the Figure ; and the Triangle 
ABC being right-angled, we have by 47 i the Square of the 
Hypothenufe AC, or bh^ ecpjal to the Square of the Bafe A B, 
or a ay added to the Square of the Perpendicular B C, or dd 
^ 2 d a ~\- a dy that isy 

In Symbols I i Xhh^dd — 2^/<?+2^7« 
1 — dd\ 2 \2aa — 2daz=ibl — dd 

Here the Equation appears quadratic, and becaufe dd U 
greater than b it is likewife ambiguous, for bb--—dd-=z 100 
^ 196 = — 96 a negative Quantity ; hut as the Square of the 
unknown Quantity has a Co-efHctent, theiefore divide by it 
by Art. 58* 

. hb — dd 
a a — da=. — 



2-r-2 



3^ O 



4 uu2 

1 ^ 



3 
4 



dd 



2 

, , dd dd , bb- 
aa'-^da + — = — + — 

4 4 ^ 

d /dd , bb — dd 

2 4 2_ 

d , /dd~bh^dd_ 

2 4 2 



from whence the Bafe A B may be either 8, or 6 ; fuppofmg. 
the Bafe 8, then becaufe by the QiJ eft ion, the Sum of the Bafe 
and Perpendicu ar is 14, the Perpendicular BC will be 6 j but 
if we fuppofe the Bafe to be 6, then from the fame Reafoning 

the Perpendicular B C will be 8. 

And the Qucftion not limiting which is longeft, cither the 
Bale AB, or Perpendicular W C, we may take citber*6, or 8, 
for the i:>en2th of the Bafe A B, for either will anfwer theCon* 
ditions of the Quellion. 

But if the Queition had faid that the Ij^fe AB, is longer 

than the Perpendicular B C, then we muft take a z=: 



+ ^^If+iilzZf = 8, by which we ihall iaid the Pw^rpen- 
4 2 

di.ular 
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dicularBC = 6j for if we taketf = L^^^H 

2 4 a 

6, then we fhall find the Perpendicular BC = 8, which can- 
not be, becaufe the Qucftion is fuppofed to determine the Bafc 
AB> to be longer than the Perpendicular B C. 

(J Queftion 75, In the right-angUd 
Triangle ABC, given the Hypothe- 
nufe AC = lO, the Perpendicfilaf 
BC, heing Jhofier than the Bafe 
A B, by fuhJiraSiing the Perpendi- 
cular B C from the Bafe A B, and 
multiplying the Difference by 20, 
and dividing this FroduSl by 8, the 
^otient is 5. What is the Length 
X» of the Bafe A B, and Perpendicu- 
^ /tfr BC? 

Let AC = ^ = lo, AB = B C = /, dzz, 20, w = 8, 
« = 5- 

I aa^ee — hb by the Property of the 
Figure, as in the laft Queftion. 

da de^ = js by the Queftion* 




I — ^ f 

3 2 
2 X w 
5 + ^. 

6-r- J 

4-7 



3 
4 

5 
6 

7 
S 



m 

a a ^ bb — 



ee 



a z:z ^ bb '•^e e 
da — de = %m 
dazz%m -\-de 
zmA-de 

a = 



z m -|- 43^^ 



=^\/b b — ee 



Squaring both Sides of the Equation, becaufe the unknowJi 
Quantity is under the radical Sign. 



8 2 

g X dd 
JO + ddee 
ii — zxmm 
2 



10 
II 
12 



zzmm-^lzmdeA-ddee 
dd 

zzmm'\-2zmde'^ddeez=.ddbb — ddee 
zzmm'^-2zmde'\- ^ddeeT^'bbdd 
Zddee ^izmde bbdd — zzmm 

Dividing 
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Dividing by the Co-e£kient of / # bj 
Art. 58. 

7.dd 7.dd 
, %me hh dd^zzmm 

£4 + 



SZ-r-ldd 

That is 



13 



for 



7,%mde %mi . , 

7. a a (t 

in Di Villon, 



Hence the Equation is quadratic^ but it cannot be ambiguoiu^ 

because both the Q^iaatities ee-^- ^ilHl having the Sign the 

d 

whole Side of the Equation muft be affirmative, and confequently 
the other Side of the Equation mull be alfo affirmatrve, other- 
wife an affirmative Quantity would be equal to a negative Quan- 
tity, which is abfurd. I^ow, 



Subftitute AT — ^ =, 2, by Art. 57. 

d 



Subftitution 



]6 z 



X 

17 

2 



'5 

16 



17 
18 



then by 



hhdd — %%mm 
idd 



e e X e 



udd 



XX 



I 

Then by Step 7 th | 19 



, X fh b d d^zzmm , xx 

'+T"=^ TTd + 7 

zzmrffj^xx^ x 
%dd 4 * % 



fbbdd-^ 



d 



The fame ^i/iim done oiherwife* 

Let ACzz^=:ro, AB =z ^, then by 47 ^ I, B C 
^ ^ bb r^aai fuppofe d = 20> m =^ ^ =^ 5> a& before. 

Now 



20$ 



A L G E B RA. 



Now all the Sides of the Triangle being exprefTed In Symbols^ 
and there being only one unknown Quantity, there is but one 
Equation required, which may be raifed from the Conditions of 
the Queftlon, and thefe I fhall particularly exprefs to prevent 
any Difficulty to the Learner. 

Now I I I is the Bafe AB, which is longer than 
the Perpendicular B-C, or ^ bb^ a therefore conne(5ting 
^ tb — aa to a by the Sign — , 

We have | 2 | <2 — \/b b — a a for the Difference 
between the Bafe and Perpendicular, which is to be multiplied 
by 20, or then 

We have | 3 | da — d^ bb — a a 
But this Produa is to be divided by 8, or w, then 

da— I 



We have 
Whence 



a a 



m 



, and this Quotient 
(is to be equal to 5, or ». 

^ (Queftion. 

Becaufe the unknown Quantity is divided by my therefore by 
Art. 47. 



5 X >n I 6 \da-^d^bb^aaizz 



Becaufe the unknown Quantity is multiplied by d^ theretore 
by Art. 48. 



a — \/bb — a a r= 



Now tranfpofe the Surd, becaufe it ha^ the Sl^n--, the highefl 
Power of the unknown Quantity being Part oi it. 



7 + ^ bb — aa 

% m 



8 — 



d 



8 



d 



^ bb — aazz a — 



"aa 

% m 



d 



There bein<y no Quantities on the fame Side of the Equation 
with the Surdt raife both Sides of the Equation to the fecond 
Power to take away the radical Sign. 
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II — 



9 2 
10 4' ^ ^ 

zxmm 



dd 
12 — 2 



10 
II 

12 

'3 



, , 7.%ma , xzmm 

b b — a a ^ a a — — - . . - 

a • da 

Zaa — — : : — bb 



d 

7.%ma 



dd 



d 



zzmm 



a a 



2 



dd 
z % m m 

7.dd 



Here the Lqu^uoa quadratuy but Dccaule — ■ — . ■ 

^ ' 2 2<^^ < 

— ^0^2 = 48, a pofithe Quantity, \i is not ambiguous* 

z tn 

Now by Art. 57, fubllitute — x = — — = — 2. 



Then 



14 f □ 



15 tu» 2 



16 4 

2 



15 



2 



XX mm 

2 ^ 



I 



16 



J7 



— — — -f- . 

442 

zztfitn 



%dd 



X yxx I ^ ^ ^ 

"4^ 2 2 j/</ 

A* , fxx~bb zxmm 

a— « + ^ — 4 

2 4 2 7.dd 

( = 8 the Bafe AB, as before. 



Hence in the right-angled Triangle ABC, bccaufe we bav« 
given the Hypothenutc A which is 10, and having now 
found the Bafe A B to be 8, therefore the Perpendicular BC 

Q^ieftion 76. Two Merchants^ A and B, becoming Ba^ikrupti^ 
ewe fuch Sums of Money ^ that if from the Numbtr of Founds A 
oweSy we fubftraSl the Square of the Number of Founds B owes^ 
there remains 1900 Pounds : 

But if the Square of the Number of Pounds B owes, is Tnnlti- 
plied by the Number of Pounds A owes y the Produ^ is 810OOOOQ 
Pounds. To find the Debt of each Merchant t' 



£ e 



Let 



2IO 
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Let a — the Money owed by A, e — the Money owed by 
B, ^ := 1900, d =: 8 1 000000. 



By the Quellion. 





1 


a — e e = h l 




2 


a e € -ZL / 3 


I + ^ / 


3 












4 








ee 


3-4 




e e -^^ b -zz — 






ee 




6 





Perhaps this Equation may appear new to the young Anally 
but by turning to Art. 56. he will find it to be a ^adratic 
Equation, for the unknown Quantity is only in two Terms, and 
in one of them its Power or Height is doukU its Power or 
Height in the other, for it is ^ ^ ^ ^ and $ therefore take h 
the Co-eiEcient of e ty the loweft Pow^r of ^ in the prefent Cafe j 
divide it by 2, fquare the Quotient, and add it to both Sides 
of the Equation, as before, thus. 



6f □ 



7 WW 2 



8 



9 u» 2 



10 



4 4 
Extradtng the fquare Root 9s ufual, 

2 4 

h . 
Tranfpofing _ becaufe it is a known 

QiTantitv^ 

eez^y/ d ^ :^ 

4 2 

Now extracting the fqtmre Root to 
deprefs e to the firft Po wer. 

//, , hb T ^ ^ 
e = y/y/ ^ -f - — : — — 90 round?, 

(the Money B owed. 



' b h 

To extraa the Square Root of the Quantity ^ d.+ 

4 

is only to place again the radical Sign before the lame 

Quanthy, 



. • • < • 



1 ^ 
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Quantity, drawing it over the radical Sign already there, and 
the other Quantities without that «^'gn, if there are any ; for 
though thefe were not included in the firft Root, vet as they 
Were afterwards irantpofed to thai Side of the Equation, and the 
Root is again required to be taken, they will now be included 
under the radical Sign of this fecond jtxiracStion. 

fiecauTe of the two radical Signs, liliall fet down the Nume- 
rical Work, to make the Operation the plainer. 



hb 



d =55 81000000 

zz 9D2500 



819025:50 

81 

1805) 9025 

9025 



^ + (9050 = v^^+Ti? 

4 4 
h 

^950: 



hb b 

8100 zi — • 

^ ^ % 

and the iquare Root of 8100 

IS 90 = */ %/ ^ T ' r-. 

. 42 

Then by the third Step a —b-\^ee 
= 10000 Pounds, the Money 
owed by A. 



Tlie fame Queftion anfwered by exterminating the unknown 
Quantity 

I Va — ee::zb ) By the Queftion> as 
1 \ aee^z d J before. 



I — e e 



3 
4 



a = Ij e e 

€ ezz a — b 
d 

a 



Make the fourth and fifth Equations equal to one another, 
for each is equal to ee* 



4*5 
6 X 



6 

7 



, d 
a — h zzL — 

a 

a a — b a::sd 

£ e 2 



7^0 
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yen 

8 UM 2 



9 + T 

2 



8 



10 



4 4 

^ 4 



a = ^V-J- if : + A = lOOOO 

4 2 

(Founds^ as before. 



And by the fourth Step er:z^ a — by or by ihe fifth Step, 
^ = v/ — = 90 Pounds, as before. 



From hence the Learner may obfcrvc, there are different 
Methods of anfwerinor the fame Qucftion, and that lomc are 
more elegant than others, as thcv give the Anfwer in more 
fimple or Icfs complicated Terms r And in this Part of the 
Science he is to cxercife himfelf according to his own Prudence 
2nd Judgment, and fome Meafure in Proportion as he under- 
Hands and conceives the general and univerfa! Methods by 
which Queflions are anfwered ; it being only my Delio'n to 
iJluftrate thefe hv pertinent Examples, with fuch Solutions as 
arifc in an obvious Manner from the Directions, that the 
Learner may acquire ibme general Idea of the Nature and 
Excellency of Algebra, 

Queflfon 75. 7'wo Running Fooirmn^ A ^rd B, meeting on the 

Road^ founds if the I\umb£r of Mtle$ A had run was multiplied 
hy 5, and Juljira6iing from this Produil the 6^uare of ihe Allies 
run h\ B, t})ere remained 100 : 

jiut if the Square of the Miles run by B, was inultiphcd hy the 
dumber cf Miles run hy A, arid the Produtl multiplied by 2, this 
Produ^ was Soooo. How many Miles bad each P erf on run? 

Let a zz the Number of Miles run by A, e = the Number 
of Miles run by B, /w =r 5, = jco, 2> ^ = 80000. 





1 




2 




3 




4 




5 



ma ^ 
d a ee 



'IJf } By the Queftiom 



m a = X e e 

a = -^Jl — 
m 



a = 



4-5 
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6 X m 
7 X i/^^ 
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6 

7 



m 



8 \ de i e e X de e rzm h 



Here the Equation appears to be of the fame Kind with the 
laft, that is quadratic, bat not ambiguous. Now by Art. 58. 



q'^d 



II uu 2 
12 — 

X 

13 uuu 2 



10 



II 



, m h 

d 

And compteating the Square as in the 

laft Queftion, ^ 

t X X tn b m X X 
ee,ee +xee+ — z=_ -J. — 

4 d 4 

, X /mb XX 

ee + ^ = v/ — H 

2 4 



/mF~_^ X 



d 



2) 400000 =: mb 
mb 



200000 = 



XX 

2500 

4 

' ' 1 / * /mb~xx 
202500 (450 = v/— + — 

a 4. 

16 — 50 = — — 

2 



«5)425 
425 



(Number of Miles run by B» 



Thftn by the fourth Step a =lllll£ r= 100, the Number 



of Miles run by A. 



m 



This 
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'^I'his (>ueftion, a<5 the laft, may be lefoJved in a more fsmple 
Manner, if we exterminate the unknown Qiiantity e iniiead of 
ay thus. 



2-^ da 

4-5 
6 X 



I 

2 

3 
4 

5 
6 



date "zz b 
ma ^ X e e 

b 

e e ^ — 
da 

h 

ma — ;if = — 
da 

dmaa — d x a'^ h 



By the Queftion, as 
before 



Dividing by dm the Co-eiHcient of a by Art# 58. 



7 -r- 



o i xa h e dxa xa 

8 \ a a—- — = — for — ^ — = 



m 



dm dm m 
the d being reje£ted as in Divifion. 



Now the Co-eiiicient of a being divided by 2, is — • 

m 2m 

For making % an improper Fraction by the Rule in common 

Arithmetic, is — : But by the Rule for Divifion of Vulgar 

I 

X X 

• Now fquaring is 

2 m 2m 



Fractions in Arithmetic £ ) A. ( . 

1 / m \ 



IS 



XX 



and adding this to both Sides of the Equation, the 



^mm 

Square is compleaUdy by Art, 56. 



8 c o 



9 uv 2 



10 + 



2m 



9 
10 

II 



A' A* 



xa I 

aar^ — -|- 

m ^m m 



X X 



am j^m m 



X X 



a = V -T- + • ^ 

2 m dm ^mm 



+ 



.V A* 



^ : -j- — = 100 

dm * Aftnm 2m 

(as before. 



Then by the fourth or fifth Step we fliall find e = 20, a$ 

before. ^ _ 

Q^ieftion 
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Queftion 78. // h required to f.nd iivo fuch Numbers^ that 
the peatdr being added to the Equate of the lejer^ the J^um 
may bs \C) \ 

But if the greater is multiplied into the Square of the leffety the 
P.roduii may be 90. 

Let a = the greater Number, e = the lefler Number, 
J = 19, = 90. 



3-4 
5 X 

d e e e e 
n ^ i e e 

- S-f 



I 

2 

3 
4 

5 

6 

I 

8 
9 



^ + If ^ ' } By the Queftion. 

a s e e 

P 
ee 

e e 

p =z s £ e — - e e e € 

Tranfpofe e e e e to make it afiirmativc. 

e c e e -\- p -ir. see 

ee ee — s e e p O 

eeee — $ee = — ^ 



Here the Equation not only appears auadrntic^ the Powers 
of the unknown Quantity ^, being the iame as in the two 
laft Queftions, but it is iilcewi(e ambiguous^ for that Side of 
the Equation which is known is negative^ viz. — p. 



9 ^ □ 

10 2 

IX + — 
2 

12 m 2 



10 



II 



12 



. s s s s . ■ 
eeee^-^see^ — r= — — P 

4 4 ' 

^ ^ — - = xZ — '-p 
2 4 

= — ±\/~ — P the Equation 
4 



(being: amhi^uoits^ as above. 



13 L = v/i ± v/ ii — ^ 

' 2 4 



That is, by reafon of the Ambiguity of the Equation^ it may 

Let 



be/ = v/-. + onf 

2 4 

2 



I 



2i6 ALGEBRA. 



Let us fuppofe e ^y^-^^ti — p 

2 4 

s s 

90.25 = — . 

/7s 



Q. — + 4/ — — ^ 
2 ^4 



10) 3»i62 neareft = ^ Value 

^ 4 (of 

9 . 



61) 100 

61 



626) 3900 
375^ 



6322) 14400 
12644 

Then by the third Step = j — = 9, if we take 10 for 
the Square of the fquare Root of 10 being equal to 

By trying thefe Numbers according to the Conditions of the 
Queftion, we have 

a -\- e e ^ 19 

ae e ^ taking 10 for the Square of as above. 

But becaufe the V iilue of ^ IS a Fra£lion which does not ter- 
minate^ and therefore its exa<fl: Value ca nnot be found, let us 

try the other Root. vtz. ezz^/ — — s/ P 

^ ^24 

90.25 =1 fi 

4 

— QO. 1= — ^ ' 

/ ~ 

^.25 =.5 = v/-— / 
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4 

L. — y/ IL — p rr 9. cxtf adiflg the fquare Root of 9. we have 
2 4 



^ i — ^ ii— = 3, for the other Value of e cxa<a. 

Then by the third Step a ^ s — e e TZ 10. 
And trying thefe £wo Numbers by the Conditions of the 
Queftion, we [ia\ e 

^ -j- ^ 19 1 As the Qiieftion requires, whence the two 
a e i = 90 3 Numbers are 10 and 3. 

I have been particular in the Arithmetical Work of this 
Queftion, that the Learner may fee the Method of finding both 
the Values of the unknown Quantity, in any ambiguous, quadratic 
Equation, when the unknown Quantity is to the fourth Power. 

But in this Queftion, if we exterminate e inftead of we 
ihall have a more fimple Solution* 

By the Queftion as 
before. 





I 


a e e iz s 7 




2 


a e e "zi p y 




3 


e e zz s — a 


2 -r- « 


4 








a 


4-3 


5 


l=s-a 






a 


5 5C<7 


6 


p rr s a a a 


6 -i- a a 


I 


a a p ^ sa 






a a s a p 




9 


aa --^ s a ^ 



Here the Equation appears quadratls and ambiguousy as befor^, 
9<r D 



10 \ a a 



+ — = -r — f 

4 4 



Ff 



I 
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lOwi 2 



11 + 



II 



12 



— - = v/ P 

2 4 



<2 = — -f- %/ ^ 

2 ~ 4 



Let us ill ft fuppofe the Root 
4) 3^^ ==*^ 



tobel-v/ii-i^ 

4 



90.25=-. 

4 



•25 =: -i — ^ , but the fquare Root of .25 is .5 
4 

whence ,5 n v/ -^^ 

Then — =95 




^i^uoll<; Equation, and from this Root, or Value of ^, we fliail 
irom the third, or fourth Step, find, that e is equal to the 
fquare Root cf 10, as bck^rc ; but ibis being a furd Niimber, 
wbofc Root canQOt be exadly extracted, therefore hnd the ot her 

Root, or Value of <7, then vvc have a = (- ^ p* 



- = 9-5 
2 



4 ■ ^ 

10. = ^, the other Root of the ambiguous 
Equation ; then by the third, or fourth Step, we lhall find e to 
be equal to the fquare Root of 9, which is 3; and thefc two 
Numbers 10, and 3, anfwer the Conditions of the Queftion. 

Ic may not be improper in this Place to add, that if the 
Learner meets wnb any <iucftions, where the Anfwers come 

cut 
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out in Decimal P>3aions, he is not from thence to conclude 
they arc not the true Anfwers, as thefe are very frequent and 
common : But if the Equation is amhiguousy it will be proper 
to hud the other Root, which may be free from Fra£tions ; 
and if this Root anfwers the Conditions of the (^icftion, hp 
has then found the AnKver compleat: But if the Queftion 
will not admit of fuch Anfwer, he can then only approach 
to the true Anfwer in couti ru ng his Fractions at Pleafure; 
but hitherto I have endeavoured lo avoid thefe Circumftances, 
as they only fatigae the Learner, and perplex his Mind, inftead 
of increallng his Judgment, ur iiuvuiiLiiig his Knowledge in 
this Science. 



66. The Method of refolving ^efiionsy 
that contain three Eqmtionsy and three 
unknown iluantiue$. 

J^I N D the Value of one of the unknown ^antttteSy in one of 
^ the given Equations: 

For the fame imknown Quantity in the other two Equations^ 
tvritey or put this Value^ which exterminates that unknowt} 
^AcDiiiiy from thofe two Equations ; and reduces the ^ueflion 
to iiL^ Equutioui^ and two unk)ioiun ^^anlltics, which may be 
rejolved as th^ fGrcgoi>ig ^i^cjlions^ by Art. 55. thai is. 

Find ihe Value of one of thefe two unkfiovvri Q^iantities, in 
each of thofe two Equatiorii, and making ihcfe two Ec|Lrjtion$ 
pqua] to one another, extcrjninatcs ai^o^her unknown QL\-nUty, 
for this laft Equation will have only one unknown QLianiity^ 
which beinfj reduced bv the Directions aheadv '^.ivci), will g;ive 
the Value of that unkiiown Q^jannty in Numbers, rrom which 
it will be eafy to determine the VAilue of the otlier two. 

To help the Learner iji his Choice which to exterminate, if 
one of the three, unknown Quantities is not muUiplied, or 
divided by either of the other two, but thefe are multiplieJ, or 
divided by one another, then it will i»e eafied to find the Valu'i: 
of that unknown Quantity, which is not i^^ukipUsdj^ qr divided 
by the others, 

f t 2 Or 
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Or if one of the unknown Quantities ihodd be to the firft 
Power only in all the three given Equations^ and the other two 
are raifed to fomc higher Power, then it may be eafieft to exter- 
minate the unknown Quantity, which is to the lirft Power 
only. 

And if all the three unknown Quantities are only to the firft 
Power, and none of them are miiltiplied or divided by oiie ano- 
ther, then if one of them has no Co-efficient but Unity^ and 
the other two have Co-efEcients, it may be eaiieft to exter- 
minate that unknown Quantity, whofe Co-efficient is Unity. 

Thefe Diredions may be of Ufe to the Learner, in affifting 
his Choice which unknown Quantity to exterminate, and a littl| 
Care and Attention will help his Judgment in this Part of the 
Science 5 I (hall only juft mention, that if any particular Diffi- 
culties arife from thfe exterminating one unknown Quantity, it 
may not bs improper to make an Eflay how the Work will 
proceed, from exterminating fome other unknown Quantity* 

Queftion 79. There are three Numbers whofe Sum ts 18 : 
The firjl being added to three times the fecond^ from which Suf/i 
fubftra£iing twice the ihirdy the Remainder is g: 

But if the frfi is added to four times the thirds from which 

S'.tm fubfiraSting twice the fecond^ the Remainder Is 21. /V/jat 

are the three Numbers ? 

Let ^7 = the firft Number, e = the fecond Number, y = the 
third Nuaibci, b = 18, mz=zg^ p = 



I 
4 



X 

2 

3 

4 
5 



a e •\- y ~ 



ly ~m j-B) 
2^ — d J 



By the Qiieftion. 



a -\- e — b — V 
a = ^— — *e 



Having found the Value oi a in the firft Equation, in the 
room of a in the fecond and third Equations, put its Value 
b — y—ey thus. 



2 
3 



5 
5 



6 contra<Sted 

7 contracted 



6 
7 

8 
9 



ifJere the Oneftjon 
isrecuced to two 
quations, and two un- 
known Quantities, 
for is exterminate* 

^— 3y-j- 2/ zr /ff 



Now 
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Now find the Value of cither jf, or/, in each of thefe two 
taft Equations, and 3 y being in each Equation, Hnd what that 
is equal to. 



Here we have an K(juafion with o.'ie unknown Quantity onlj^ 
wi)ich is reduced in the common Manner> thus. 



8+37 


10 




1 1 


9 + 3^ 


12 


12 — b 




11 . 13 


H 



14 — 2 / 

15 -f^ 

16 — ^ 

13-^3 

By the fifth Step 



15 
16 

'9 



/►+ / — h ■= h m . 

/m 2^ — ;w — ^ = ^ben 

= ^ 3/ T .- =: 7, and 

3 

^ = ^— 7 — ' = 5- 



Hence the three Numbers fought are 5. 6. and 7, 

PROOF, 

/2+3/r — 2y = 9 

^ 4" 47 — • 2 / zi 21. 

Queftion 80. T^r^/ Men^ A* C, difcourfing of their ShtU 
UngSy foundy that if twice P^s Shillings was added to B*j Shillings^ 
and from that Su?ri fu 1^1 r acting C'i Shillings ^ there remains 15: 
• And if B*J Shillings was added to three times C's Shillings^ and 
from that Sum fubJlraSting PCs Shillings^ there remains 31 : 

But if fix times A*s Shillings was added to four times Q*s Shil- 
lings^ and this Sum added to BV ShiliingSy the Sum was 97. 
How many Shillings had each Perfon ? . 

Let a rr the Number of Shillings of A, / =: thofeof B, and 
y zz thofe of C, b =1 i5> rr 31, w zi 97. 

t 7,a-\-e — y=ib 7 

2 ^ 3y — azz d f By the Queftion, 

3 ta+^y -f ^ = 

Dccauie 
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Bec:iurc e has no Co-efHcient but Unity^ begin with finding 
the Value ot t, being the moil fimple. 



4 — 2 a 



4 
5 



Now in the fecond and third Equations, in the room of 
put its Value, or ^ + jr — 2 <?, as in the laft Queftion. 



2 

3 



5 
5 



6 
7 



Here the Queftion is reduced to two Equations, and two 
fmknown Quantities, e being exterminated, and therefore pro- 
ceeding, as in the laft Queftion, 



6 concra^ed 

7 contra£ied 



9 1 4^ + 5J' + ^ = « 



Now fiTiJ the Value of cither of the unknown Quantities in 
both thefe Equations : To find the VaJue of 

4 

4^ + 5J' = '»*~-^ 
^yznTn-^b — 4^ 

m- — b — A (2 
y = 1^ 

5 





10 


iO — b 


II 


11-^4. 


12 






13 — 4^ 




14^5 


15 


12 . 15 


16 



Here we have an Equation with only the unknown Quantity a* 
j6x 4 



17x5 
18+ \6a 

19+5^ 

20 — 5^ 

21 -v- 31 



'7 

iS 

19 

20 

21 
22 



5 

5 / + 3itf^53 = 4OT— .43 

5^+3i<»=4»» + ^ 
3ii? = 4w + 3 — 5^/ 

^^4^ + ^-5^-8, then 
31 



By 



The Method of refohing ^ejUons, Sec- 

y^i±Jlml^io, and 
4 

/ = — 2<f = 9 



"3 



By the 1 2th Step 
By the fifth Step 



PROOF. 



% a + e y zz 
' + 3)' — 31 

6 +4;' + ^ = 97 

I have done thefe two Queftions without puiting Letters for 
the given Numbers, it being more eafy and familiar ; but now 
to do the laft univerfally, let us put Letters tor ihc Numbers 
2.3.6 and 4 which arc given in the Queftion, and comparing 
the former Operation with the following, may render it more 
cafy ; but if the Learner finds this too perplexing, he maj 
negle<^ it, and proceed to the next. 

Let a . e and y be the three unknown Numbers as before, 
and jr = 2, a= 3> ' = ^> A==4» then. 



I 

2 



eJ^zy ^azid > By the Queftlon* 
sa-\-py + ^ = »23 



Becaufe e has no fpedous Co-efficient in either of the given 
Equations, find the Value of 



4 — X a 



4 
5 



i =si y — xa 



Now in the fecond and third Equations, in the room of # put 
its Value, or ^ + — 



2 . 5 
3-5 



6 
7 



h + y — 'AT^-j- zy — az=.d 



Here the Queftion is reduced to two Equations, and two 
unknown Quantities, e being exterminated ; but becaiife af the 
Co-efficients we cannot contrad them as before : Now 
find the Value of y, in both thefe Equations. 

2 6 -j- 4 
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6 a 

9 — h 

7 

12 — 
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II . 15 



16XZ+1 



^ ^ +y — xa + zy = d+a 

^y-^y^d + a + xa — b 

d a A-- X 7 — h 

^ — — ■ ; the Co-eificients of y beino- 

2; -f- 1 ■ / 1 ^ 



9 

10 



12 
13 



^a+py+y = m -f A- .7 — ^ 

^ _^ • the Co-cflScicnts ofy beiog 

an £.quation 



15 > = 
16 



(with only the unknown Quantiy tf. 

'j^zxa — zi/ — 2, s a m X a — ^^sa 

The Learner may thin'rc thefe iMuItiplications difcouragin*, 
though perhaps they are not To perplexing as he may imagine, 

for at the feventeenth Step where m-^ x a — h s a is x 2 + i 

pnt down the Produa of it by z firft, which hzm + zxa 

— zb — zs after which he need only writer -|- xa b sa 

the next Part of the Multiplier bauvy Unity -y or, if it had been 
another Letter, it had been no morc^than repeating the Multi- 
fUcand, with the multiplying Letter joined to each of its Quan- 
ticies, placing them one .after another, taking due Care of the 
Signs by the Ruics for Multipiication, 

In the fame Manner he wifl find the eighteenth Step multi- 
plied, and a little Attention will familiarize the Operation ; but 
if there is any Difficulty in multiplying thefe compound Quan- 
tities, the Learner may fct them down one under the other, and 
multiply them in the ufuai Manner. 

iS—xaigipd+pa+pxa—pb^d + a-^l-zm+zxa 
I — zb — zsa-j^m — b — sa 

'4P^ + P a+pxa — pb-^-d+az^zm+zxa^zi 
I — zsa-\-m — sa 



19 + ^ 



Now tranfpofe all the unknown Q;>anrities to one Side of 
the Equation, and all the known ones to the other Side of the 
Equation. 



20 — 
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20 



zx a 



21 X s a 

23—/)^' 
24+/)^ 
25 — d 

26 - 



Thenb)^ 1 ithStep 
And by 5 th Step 



21 
22 

23 

24 

^5 
26 

27 



28 
29 



— X m — z b — zs a m — s a 
pd-\'pa-\-pxa — pb-^d-^-a-^-zsa 

pd^pa-^pxa — p b-^d-{^a -^-zsa 

— zxa-^-sa — %m — zh-^ m 
p(i-\-pxa — pb-\'d-^a'\'Zsa^zxa 

-^-fflrrz/B — zb m'—p d 
pa-^^pxa-^d-^a^zsa — zxa-\'sa 

^ztn — zb m ^pd-\~ p b 
pa'\'pxa-\-a'\'Zsa^zxa-\-sa 

== zm — zb^m~^pd-^pb — d 

_zm — zb^m — pd-^-pb- — d q 

the Divifor is the Co-ifficimti of 
conneded by their Signs. 

d 4~ a A- X a — b 

y =^ 1 — 10 - 



QlJcftion 8r. There are thru Travellers^ A, B, C, who have 
travel if d in all 62 Miles : 

But if the Mlui A travelUd is multiplied by 2, and added 
U the Milei B travelled multiplied by 3, this Sum is e^ual to the 
Mtles C travelled multiplied by ly i 

And if 4 times the Miles C travelled^ is added to the Miles 
B travelled multiplied by 2, this Sum is equal to the Miles tra- 
veiled by A. To find the Afdes each travelled ? 

\jtta — the Miles travelled by A, e = the Miles travelled 
by B, y = the Miles travelled by C; p = 62, ^ = 2, 3, 
w = i7» ^ = 4, and 2 being in the Queftion before, put no 
new Letter for it« 



I 

2 

3 



^ e zrz my V 
e a J 



ha di 
xy 4- b^ 



By the Qiielion, 



Becaufe a feems to be in as fimple Terms a? any in the three 
given Equations, and having its Value already by the third Equa- 
tion, therefore for a in the fir (I and fecond Equation write its 
Value xy '\-be at the third Equation, which exterminates a. 

^ g 1.3 
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^ • 3 I 4 U.y-f ^ H"^-i > 

4 • 3 I 5 I bxy + bbc-\-dez=zmy 

Here the Qucflion is reduced to two Et^uations, nnd two unr 
known Quantities, then proceed, as before, to find the Value 
of either J' or in each of thele £quauoa$| as fuppofe^. 



4 — Z> <- 1 6 
6 — t 1 



8 . JO 



\%%xA^ I 
J3 — xh b e 



14 -|- 

15 

16 — bxeij 



17^ 



By Step J 
8, or 10. 3 
By Step 3< 



8 

9 

10 

M 



'3 



15 

16 



xy "{-y ==: p — be — e 



y = ^ . ■ ^ the Co-eificientsof ;r being x 4- 1 , 

my'^hxy ssbbe ^ de 

y ^-Ali — 1 the Co-efficients of^ being w—^jr. 

m-^bx 

bbeJi-de p — he — <? t> • • 1 

— /!_ an Equation with only 

^ -^r ^ (one unknown Quantity. 



m — hx 

X I 

xbbe-\'xde'\'b b €-{^4 ezizmp — m h e — m $ — fhx 

J^hh xe\hxf 
xdt^bb i'^'ae =1 mp-^mbe'^mt^fhxJ^bxe 
Now bring the Terms that have the unknown 

Qiiantity, to one Side of the Equation. 
xd€+bbe'-\-de-}'mbe 'TzmP'^me — phx+bx£^ 
X d e-\-bbe d /-f ot b ^^fn e=.m p~—p h x-^^b x € 
xde-^-bbe-i- de-\-mbf+m€ — bxe-=mp — pbx 

mp—^pbx 

= 9, 



18 



xd'\-hb-\-d^mb'\'m-^bx * 
Divifor is the Co- efficients of connected fey* 
their Signs. 



I9y = 7 
20 0 = 46 



Queftion 82. nree Men^ A, B, C, d[fc9urfing 0/ thtijr Sbff^ 
Ungiy found, that A*s Shillings added to C's Shillings^ the Sum 
zvifs doubU B'.( Shillings : 

And PCs Shillings added to three times B*j Shilltngs^ frpm which 
Sum juhjl racing CV Shillings^ there remained 1 3 Shillings : 

But if A's Shillings was added to the Prodiul of BV and Qs 
Shillings^ the Sum was 34* How many Shillings pad Kat;h 
Perfiif 

Ut 



^ he Method 'of refhhing ^eftionSy &c- 227 
Let a A's Shillings, i = ShiiiiDgs, ^ - G's Shi)liogs» 
^ t= 13, ^1:1 34. 



1— J' 



I 
3 



r: 2^ 7 

^ + ^> — ^ I 



By the Queftiom 



'1 . 4 
3-4 6 

5 conlra^ed [ 7 



4 a s= 2^ — y 

^ "\ Here the Queftion is 

, , f xeduced to two Equations 

It — y-irZ^^y^^y^u^ two unknown Quan- 
2/ — y ^ ^ y =r \ titics, « beinj extctmif 

Now find the Value of *i Or y, in the fixth aad feventh 
Equations, Aippok ^. 

-J- 2y 

L+L>^=: Equation with 

S . 2+ J' only one unknown 

Quantity* 



6+> 


8 




9 


7 + ay 


10 




II 




12 







13 X 5 H I ^^ + 4y + + a;;' = s^'+s^ 

Now bring all the Quantities that have y, to one Side of the 
Equation. 

,4 — 5y 1 15 1 2i— y + ^> + ^y;* = 5^ 
15 — 2^1 16 I 2yy + ^y— y = 5^— 

Here tl^c Equation appears quadratic^ the unknown Quantity 
being to the fecond and firft Power only, but is not ambiguous, 
5^ being greater than %hi then by Art, 58, divide by ch^ 
, Co-dRcicnt of yy* 



l6-r-2 j 17 [y>-ir ^ 

G g a 



I V — y _ 5 ^ «**2 



The 
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The Work being now prepared lur compluiting the Square^ 
becaufc the Co-effidcnc of y is LiZj,, to avoid the Trouble of 

dividing this Fraaion by 2, and fquaring the Quotient, fub- 
ftitute by Art. 57. x = inl = 6. 



Then 
i8r a 

19 2 



By the 9th, or 1 
1 1 th Seeps 3 
By the 4th Step 



18 
19 

20 

22 

23 



yy + ;fy==l£ziii 

2 

4 2.4 

4 



y — v/ ^ 



if :=5, B's Shillings, 
=: 4, A's Shillings. 



2 



(C's Shillings. 



Queftion 83. Three young Genthmm^ A, B, C, having been 
at the Gmmng'Tablcs, from comparing their Lojes^ founds that if 
from twice the Pounds A h/}, was fuhjira^ed the Pounds B lofty 
there remained the Pounds C lo/f : 

Jud that the Pounds A loji^ added to the Pounds B lofl^ and 
this Sum added to twice the Pounds C loji^ the Sum was 19 
Pounds : 

But if to the Produa of A's and C's Lofs^ there is added B'f 
Lojsy the Sum is 26 Pounds. How much did each Perfon lofe f 

Let a = A s Lofs, e = B's Lofs, y = C's Lofs, d == iq, 
* =: 26. ' • ^ 



1 la — e -zzy ^ 

2 ^-|-r+2y=:</ f By the Queftion. 

3 ay^J^ezzb 3 



Hecaufe ^ fceins to be in the moft fimple Terms, therefore 

find its V alue. 



I +e 
4 —J' 



4 

5 



2<2 = r -|- e 

e 1 a y 
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1"^ The Queftion U hoe 
, I I ^ — ; I reduced to two Eqi»- 

6 a+2a'^y-\'y — ^ y.^^s and two unkoown 

♦ 5 I 7 2/?— J' — ^ I Quantities, fw « ift 

1 J icimijuted, 

6 contracted \ B -j^ y d 

Find the Value of or>', in the feventh and eighth Equations. 



7— .2<y 
? — 3^ 

10 . II 



I 



9 
10 

If 

12 



I2X<?— I I 13 



ay — y = b — 2tf 
b — %a 

y — — r 

a — I 

yzzd—za 

= ^ — 3 

a — I 



Now brin^ all the Qaantltlcs that have a on one Side of the 
Equation, obfer ving to have the higheit Power of a affirmative. 



13 + 3^^ 

14—3^ 
15 — da 

16 — ^ 



14 

16 
17 



'^^^-j"^ — 2^ = ^/^ — *^-h3^ 

3^7^-}- ^ — 5^ — d a — d 
^aa — 5^ — — d — h 



Here the Equation appears both qundratrc and ambiguous^ for 
the unknown Quantity is to the fe^ond and firft Power only, 
and it is amhiguous, bccaufe — J — h the Side of the Equation 
which is known, is negative \ dividing by the Co-eificient of 
Ma^ as in the laft Queftion, 



i7-3h« 



aa 



5 J ' — da — d — b 



The Work being now prepared for compleaUng the Square^ 
fubditute — x:=: ^ ss — 8 the Co-efficients of tf, as 



in the laft Example. 



Then 19 



1% € U 20 



—d-^b 



— ^tf + — — ' + — 
4 3 4 



19 UM 



ALGEBRA. 



a = V V — 

2 £ 

jr f /^ d — b , XX 

<2 = — X 1- — = 4> 

2 3 4 

(± I = 3» Of 5- 

For the Pra(£^ice of the Learner, let us fuppo(e<2z= 3 

Then by the tenth, or eleventh Steps - y z=l \o 

And bv tbfj nfth Step - - e zz b — lO 
s= — 4, which IS an Impoflibility, that € an «ffirmathi Quan- 
tity « can be equal to a mgativt 4. 

Now let us fuppofe - - S 

Then by the tenth, or eleventh Steps - J^r= 4 

And by the hfih Step • • - - ^ = 6 
Then 7. a — ^ = 7 

ay e — ih 

And thefc three Numbers anfwering tlx^ Conditions of the 
Qliefiion, are the true Numbers fought ; trom hence the young 
Analyft may obfcrvc, that in quadratic ambiguous Ff[U2tjons, if 
one of the Roots of the unknown Quantity does not aniwer the 
Conditions of the Queftion, he fhould find the other Root, and 
try that> before he concludes his Work erroneous. 

I flwll now (how the Learner the excellent Metho<! of 
refolving all Equations, be their Powers never fo high, by the 
tiniverlal Method of Converging Series. 



19 ujt, 2 



+ x 

2 



21 
22 



67. The Refolution of Adjecled Equations^ 
by the univerfal Method of Converging 
Series. 

CASE I. 

£x. I. QUPPOSE there was given aaa azi 9202, to 
1^ find a 

Then fuppole, or imagine /7 to be - • 2?> 

ConfequentJy the Cube of , or ^5 is - %ooo 

Thefe being added together, becaufe lUzaaa^a^ g^^^ 
\n the given Equation, the Sum is - J 

2 Heme 
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Hence a mult be moic than 20, for if that had been the true 
Root, ihe Cube of 20 n.iiicJ to ici iuii Power, or 20, muft 
have been equal to 9282 ihc given Number, lor thefc are the 
fame Powers of a as in the given Equation ; but that ^um being 
only 8020, which being lefs than 9282, the Value of a inuit 
be more than 20. 1 o find how much that is? 

Lei r = 20> and for wha( 20 wants of the true Number or 
Root, put e : 

Then will r -\- e -^z or the true Root of the Equation, 
hence by determining what e is, we find the Number that is to 
be addeo to r or 20, which Sum will be the Root of the given 
adfei^ed Equation, to do which, put down, 

I I \ t -\- e z=z a 

Now raifc this Equation to the third Fower, bccaufe we have 
H aa \n the given Equation. 

I ©- 3 j 2 I rrr+3Vr/-f 3r^/4.£^^ — 

Add the firft and fecond Equations together, becaule in the 
given Equation it is ^ ^ + 



1 + 2 

it is 
3-4 



4 
5 



5 in Numbers 

That is 7 
7 — 8020. 8 



60 



* 



fpf the Rcafon of adding tiic 
Quotient Figuie, or 2 ^ so tbe 
bivlfor, fee Article 68, \n tk|e 



But from the given Equation 

a a a -\- a =- 9282 

nr + yre -f- jr^v -f eee-\-r -f e ~ 928^ 
each Equation being equal to an a-\~a. 

Putting this Equation mto Numbers, 
and rejecting the Powers of i' above 

8000 -f* 1 200 ^ 4*^0^ If + 204- =: 9282 

8020 120I ^ + 60 9282 

I20I c -\' bo e e ~ I 262 

Divide by the Co- efficient of and 
we have, 

20.0 ) 6 / -f « < = 2 1 .0333 ad Infinitum. 
Dividing by 20.ci6 ^ that is, by the 
Co-eificient oftplusey and we have. 



20.016 -|-* 

In Numbers thus : 

20.016J 21.0333 (l 



21.010 



2 TO 1 6 



iq the Remainder 
(being very fiDaU reje^ > 

By 
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By this it appears that e ~ \^ that is, r is to be added to the 
firft fuppofed Number 20, which Sum is to be the Value of 
or the Root of the given adfected Equation. 

We aflumed r :r 20 
And found ^ = t 

r + < = 21 = 

To try whether 21 is the true Root, r^iife it to the feverai 
Powers of a ui the given Equation. 

<7 = 21 
a = 21 

21 

42 

<?= 21 

44.1 

aaazz 9261 

= 2 1 

Then ^ ^ « + ^? = 92i^2, which being the fame with the 
Number in the given Equation, it appears t\\ztazz 21. 

68. By reviewing the Operation, the Learner may obferve, 
Firft^ That we fuppofed a Number for the true Root, which 

upon Trial was found lefs than the true Root. 

Secondly^ For that Deficiency or Want, we put ^, or any 

other Letter. 

Thirdly^ By conne^^ing r = the Number firft fuppofed to be 
the Root, with e by the Sign +, we have r + ^ for the true Root> 
r being a known Quantity, and < the unknown Quantity. 

Fourthly^ We raife r -|- ^ to the feveral Powers of the on- 
known Quantity, that are in the given adfe£led Equation. 

Fifthly i Then we add ihefe feveral Equations together, re- 
je^ing all the Powers of ^, or of the unknown Q^iantity above 
the Square^ for in the given Equation all the Powers of the 
unknown Quantity have the Sign +, but when any of thefc 
have the Sign — , then their rcfpe^Slive Equations muft be 
fuhjira^ed^ as at Step 5, Example 3, Paee 23B. 

Sixthlu By thefe Means we have an Equation in the Terms 
* oi r aiiu cy equal to the given Equation. 

Bevenihly^ 
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Sevinthly^ This Equation i^ put into Numbers* r being a 
known Quantity, and the le($ abfblute Number is tranfpoied to 
the Side of the Equation of the greater abfolute Number, and 
fubiiraded from it* 

Eighthly^ After this, the Equation is divided hy the Co* 
efficient of the Square of or the unknown Quantity. 

Ninthly^ This laft Equation is divided by the Co-efficient of 
eplus which leaves e on one Side of the Equation by iti^lf, 

Tenthly^ In the Arithmetical Work, becaufe the laft Divi(br 
confiils of a Number plus therefore, as the Quotient Figure 
is found, it is added to the Divifor to make it compleat ; and 
if the numerical Operation had been continued to more Places 
of Figures in the Quotient, then the Quotient Figure muft be 
twice added, once when it is found, and once at the next Step 
In the Diviflon, as ifi the next Page. 

Eleventhly^. The Quotient thus found being the Value of 
or the unknown Quantity, it is added to the Number firft Tup* 
pofed to be the Root of the Equation, which is reprefented by r, 
and this Sum is fuppofed to be the Root required. 

This Operation to find e is the fame as the common Method 
of finding tbc- unkiiowa Qiiantity, till we come to, the tentb 
Step, where the unknown Quantity makintj Part of the Divifor, 
it is carried to the other Side of the Equation, and the Di\'ifoc 
bcino; a known Number + ^» ^he Quotient as it is fnund is 
added to the Divifor, to make it compleat, as before-iiiencioncd. 

But if this Number Ihould not be the true Root, the Opera- 
tion muft be repeated, makino; the Number thus found — r, 
and at the fecond Operation, the Work m any common Cafe 
will be fufficiently exact : Aiid from the Repetition of the Ope- 
ration, whereby we approach nearer and nearer to the trqe Roott 
this Method is called tht? Mctiiud oi Converging S^ries^ or of 
Approximation* 

Exampk 2. Suppofc aaa a -\' a:^ 4-1597350, to find tf, 

Suppofe to be - - - 300 

Then the Cube of tf, or <z c is - * 270C000Q 
And the Square of 01 a a \^ - ^QQQO 

Thefe being added, becaufe it is aatt^ao^a 1 7700070 
in the given Equation, the Sum is - - X 7t7t3vQ 

But 42997850, the given Number, h greater th^ 2J'^9030P> 
therefore (he Root ipuft he more than aoQ. 

Hii Now 
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Now let r =r 300, and # = wbak 300 wanta of the trut 
Root, 



Then 
1 ©" 3 

I ©" 2 
I + 2 + 3 

But 

4-S 

6 in Numbers 

That is 
8 — ^27090300 
9-T-901 



r 

2 

3 
4 



5 

6 



9 

10 



1 1 



I 



rrr-l- 3rr< + 3r« / According to Parti- 
+ ^<ftf = <itfd r cular4. Art, 68* 

r-^-e+rrr+yre-^ yee-\-rr + ire + m 

s=4tffi-|'47tf4-^> hy Particulars 5 

apd 6, Art. 68. 

^<24r4-tf fl-f <?=5:42997850, from the 
given Equation, 

^+^+^''^+3'*^^+3'"'^+rr+2r^^ 

4-^^ = 42997850 
3004-^+27000000-f 2?7poo(v+90c^tf 

+ 90060 + 6oc^ 4" = 4^997^50 
^709030© Z7o6ou4^oi<fr=4?99785Q 
270601 ^ 4" 901 *e z=, 15907550 
300.334 r + 17^5543 frow 

Particular 8, Art. 68. 

' ' '^^ 3 from Particular o: 
300.334 + ^ (Art. 68. 



e ^ 



300.334) 17655.4.3 (50.34 — e, the firfl Figure being 
5 * * in the Place of Tensy place the. 

5 under the Place of Tens iin 
the Divifor ; and this the 
Reader is to obferve, to place 
the Quotient Figures he add^ 
to the Divifor, under thofe of 
the iame Denomination. 



Diviibr 350.334 1751670 
50.3 - 



Divifor 400.634 
'34^ 



1387300 
1201902 



Divifor. 400.974 



1853980 
1603896 

250084 



i^.'S 300 

€ = 50.34 



r -f^ < = -350^-34'= hence I fuppofe the Root pf the given 
Equation is 350.34 but to try it, raife Jjc 34 to the fcveral 
Powers of a in the given. Equation. 
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a = 350.34 
a zz 350- 34 



I4OI36 
IO5IO2 
I75I7OO 
105102 



a a =. i2273tJ.il5b 

4909524624 
3682143468 
61369057800 
3682143468 



a a a z=z 43000071.419304 
aa^ ' 122738. 1156 



a = 



74 



Then iJdtf+^^H-^ = 43'23' 59-^74904- which being 
greater than 42997850, the Root cannot be lb much as 350.34. 
and this leads us to explain the Method of finding the true Root, 
when the Number alTamed is greater than the ^oot lequiced, or> 

CASE %. 

Let us take the laft Example^ viz. aaa +^ a + 41=42997850. 

And fuppofe the Root to be 350 34 which we know is too 
much by the laft Operation : 

Now put *s=the Number to be rubftra6l€d from 350.34 
fuppofing r = 350,34 and to r conne^king e by the Sign — , 
we have, 

T f r— ^ «= tf, or the true Root ^ g p^^^.^ 
rrr^r^rre^iree^eee^ >;^,^ 

^ S Arc. 68. 



I 3 



Now colle£t; thefe three Equations by Art, 68, Particulars 5 
and 6, and rejeding eee^ we have, 

4 Jr — e^rrr'^i^rrt-]'i^ree'\-rr — 2r# 
-{- i e "m a a a a a -\' a 

5 -J" <»<2 -f ^ = 42997850, from this 
given Equation. 

6 r — (-\-rrr — "^rr e-^-'^r ee-^rr-^nre 

U h 2 6 in 



1 + 2 + 3 
But 

4-5 
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6 in Num. 
That is 



9 + 
10 — 



IX -r- 



8 



10 
II 



12 



ji L G & S kA. 

35^' 34 — ^+43000071.42 — 368214.3463 e 
+ 1051.02^^-1-122738.1156 — 700.68^ 
• -f<f^=: 42997850 

43123159.8756 — 3689i6.o268#4-io52.02^^ 

= 42997850 
Now tianfpofe 42997 850, it being lefs than 

43123159.8765 
125309.8756 — 368916 0268^4-1052,02 e e 
= O, for one Side of the Equation being 
fubftraded from the other Side, the Re- 
mainder muft be nothing, as both Sides of 
the Equation are equal. Now tranfpole 
- the fevcral Quantities which contain e \Qt 

the other Side ot the Equation. 
125309.8756 + 1052.02^^ zr 36891 6.0268 9 
368916.0268 € — 1052.02^^ — 125309.8756 
Here dividing by the Co»e&uent oi €$ as 
betore, 

350.673^ — ^^= I19.I135 

But now divide by the Co-efficient of 9 

minus e. 

e = "9-"31 
350.673—^ 



In Numbers : 



350.673) 119.1135 (.34 

— '3 

Divifor 350.373 1051119 

— -34 



1400160 



Divifor 350.033 1400132 

z8 

Having thus determined # to be .34 it mud now be .ubilraded 
irom becaufe it was afTumed r — / = the true Root. 

But r was fuppofed = 350.34 
which we have found — .^4 



Hence r — / 



350.^04 the Root of thegi^ en 

adieded 
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adft^ed Equation^ which i$ proved by raifing 350. to the fevcra' 
Powers of in the given Equation^ 

Thus, aaazz 428750CO 
aa-zz, 1 22500 

«^ =^ 35Q 

Confequcntly aaa^aa a ~ 42997850 which hetng the 
fame Number as in the given Equation^ it ihows that a is 
exa^ly equal to 350. 

In the above Operation^ at the thirteenth Step, the Learner may 
obferve, that the Divtfor is 350.673 — therefore here, as the 
Quotient Figure is found^ we fubflraSf tt from the Part of the 
Divifor 350.673 to have the Divilor compleat, which Is likewife 
done twicCf. once before the Divilion is made at that Figure, 
and once afterwards : But in the firft Cafe^ when r is aflumed 
too little, then the Quotient Figure is added, as at Particular 10^ 
Art. 6$. the Sign then being contrary to what it is now. 

The Learner may further obfervc, that by this (econd Ope* 
ration, we have found the true Rooty whereas by the firft Ope^ 
ration it was .34 too much, and therefore if the true Root does 
not come out at the firft Operation, make a fecond Operation* 
fuppoiing the Number found at the Hrft Operation to be r, and 
call it r + ^, or r — for the true Root as the Occafion requires, 
that is, as the Number at the firft Operation is either greater or 
leuer than the true Root ; which fecond Operation will give the 
true Root very near, and near enough for any common Cafe, 
though if the Arithmetical Divifions were continued, as they 
will oot terminate, do not give the true Root exadly, as In 
the Diviiion of thofc Decimal Fra^ions which never termU 
nate ; in fuch Dtvifions we leave off when the Qiiotient is to 
a fuificient Degree of Exad^r f , fo the fame is done here 
when we are near enough the Truth ; and in common Cafes^ 
two or three Places of Decimal Fradions are fufficient, and 
according as they happen the true Root is fometimes found ; 
and in general, continue the Diviiion^ at the fecond Operas 
tiOfij to as many Places of Decimal Fra6lions as are in the 
Number found in the fr/i Operation : And after the Number 
found at the fecond Operation is added to, or fubflra^led from 
the Number found at. the firft Operation, if there is a very 
fmall Fraction you may rejed it ; but if the Fraction flioutd 
be very near an U>;//, then take i for it, which add to the 
Integers, and try whether the whole Number thus found is not 
the true Root. In Arithmetical Queftions, whofe Anfwers are 

©ften 
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" often in whole Numbers, this Caution may help the Learnet 
to chufe the true Root exadly. 

The Reafon why this Method does not alfolutely give the true 
Root is the arbitrary rejeding all the Powers of e above 

EximipUi, Admit 46526760, to find tf» 

Now fuppofe a zz 400, 

Then aaa is - - - 640C0000 

And^ia is 160000, which muft h^fub/!ra£fedl , 
becaufe it is — aa 'xn the given Equation - 3 ^ 00000 



6384C000 > 

To which adding or 400> it being 47 in ) 
the given Equation - • . } 4^0 

Hence aaa — aa-\-a 1% « • 63840400 

Which exceeding 46526760 the Number in the given Equa- 
tion> a mufl be lefs than 400. 

Then let r = 400, e — the Number that 40b is too roucb> 
which being the fecond Cajiy Page 235. 



Hence 
1 3 

I # 2 



I 

3 



r — ezz, a 

rrr — 3 rr^ -|- 3r^/-^^^^ aaa 
rr^2re + ee^aa 



Becaufe in the given Equation the Q-iantitics aaa and a are 
offirmative^ therefore atld the firft and lecond Ec^uations together* 



I -j- 2 I 4 I r— ^+rrr— '3^'*^+3''^^ — ^eee=aaa-\-a 

becaufe in the given Equation it h ^a therefore fuhflraSi 
the third Equation from the fourth, or Sum of the firft and fecond 
Equations. And here the Reader is to obferve, that if in the 
civen adfe£!cd Equation, any Powers of the unknown Quantity 
have the Sign — , the Equatinn which arifes from involving 
Y ^ to fuch Powers, is to be fuhflra^ed inflead of being added . 



4 — 3 
But 

5.6 



5 
6 



2 



r— /4-rrr-^3rr^-|-3r^<— — rr 

%r e e "ZZ a a a — a d-\~ a 
aaa — tftf + £7 = 46526760, by the 

given Equation. 
r — e-^-rr r --'^rr ^-J-J r t ^ e t'—T r 
^ ire-^tf = 4652676P 

' Putting 
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Putting this Equation in Numbers, and reje£fclng aU the 
Povrers of e above i 



7 in Numbers 



S contracted 



9-^ 

jro + 
1.1 — 

12 -r- 



8 



10 



II 
la 

13 



14 



400 — + 64000000 — 480000 e + 

1200/^— 16OCOO+ 800^— #*=s 

46526760 
63840400 + H99 ^ ^ — 479201 i = 

4651^760 
Tranfpofe 46526760 it being lefe than 

63840400 
1 731 3640 4- 1199^^—479201 e = o 
Now tranfpofe the Quantities that have 

ft to the other Side of the Equation. 
4792or<r= 17313640+ 1199^^ 
479201 e — 1199^^ = 17313640 • 
Dividing by the Co-efficient of . 
399.66^— = 14440.06 
Now dividing by the Co-efficient of # 

minus 

399.66 — ^ 



In Numbers thus : 



399.66) 14440.06 (40.16 c:^ 
— 40. 



Givifor 359.66 
— 40.1 



143864 



Divilbr 31^.56 
— .16 



Divifor 319^40 



53660 

217040 
191640 

254^0^ 



Now r zz 400 
— zz 40.16 



ril^'e — 359.84 =1 and to try if this is the true Root^ 
raife it to the iever*l i^owcrs of a, in the, given Equation^ 
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azz 359.^4 



287872 

3^3856 
179920 

aazz 129484 82 50 

20358786048 

6474241280 
3884544768 



aaa-zz 465938 1 9.643904 
^aa— 12Q4S4.8256 



Remains 46464334.8 j 8304 



Sum, oraaa — a a ii = 40464094.058304. which being 
Icfs than 46526760 the Number in the ^iveii Ei^uacion, the 
Root or a muft be more than 359. 84. 

Therefore, for a fecond Operation, fuppofe r =r 359.84 and 
what it wants of the true Root, then it being r -f* ^ = 
k ]& now the Jirji Cafe^ Page 230. 



Therefore 
I Qt 3 

1 ^ 2 



I 

2 

3 



1 4* * 



4 — 3 



5 

6 



•'I 



r 4" ^ = ^ 

rrr-f3rr^4-3r^ / + ^rtf = tfa<i 

Add the firft and fecond Equation toge- 
ther, becaufe in the given Equauoa 
a -\- & a a. 

^''■^+3^^*4-3'''''^ t'^e -\- r-^-e — aaa-^a 

From thi§ Equation fubftratSt the third 
Equation, becaufe it is a « in the 
given Equation. 

r r r ■\''^r T e-\-ir e €'\'e e i\ r-\-e- — rr 
— ir e — e e ^ a a a — aa -\- a 

aaa — a a -\-a = 46526760 by ,thc 
given Equation. 

'^%T € ^ a 'S, 46526760 



Put 



7 in Numbers 
S contra^ed 

10 4- 
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Put this Equation in Numbers^ and re* 
ytdt the Powers of above ee. 

8 46593819.644 + 388454. 4768 e -I- 

1079. 52^^-4-359.84-!- — 1 294?4..8256 
— 7 1 9,68^ — ^ 4 ^' 5 - 67^0 

9 46464694.6584 + 3^77357968^ + 
107R.52 ee =; 46526760 

10 I 3^7735-79^^^ ' + 1078.52*^ = 
62065.3416 

Dividing by the Co- efficient of 

W I SSg-S^-h'^^— 57-547 ' 

Now dividing by the (Jo-eliicient of f 

plus e„ 

I' J 359-5 + ' 

In Ni^mbers thus ; 

359-5) 57-547 i^^^.-^ 
+ .1 ' ' 

Divifor 359.6 359.^ 



II 



' 215570 
Divifor 359.76 215856 



The Rc^idcr will obferve that in this Divifion, T ha\^e takci 2t 
once two Fiiiures from the Dividend^ -y/z. 70, becauic in addin.:^ 
the .16 to the Divifor, the Number of Places there is incrcafed- 
by one, therefore I take one Figure more from the Dividend 
ttjan is ufu^.i ; which is recommended to the Reader's Auention, 
as he may again meet with the lame Cafe* 

Now r zz 359.84 



r -j- ^ 3= 360.00 — <7, which will be found to be the true 
Root, |)y involving it to the fevcral Powers of a in the 'given 
^({uation, and adding or fubflrading them according as thofe 
Powers of a are there connei^ed by the Signs + or — • 

It may Be proper to inform the Learner^ that the nearer 
the Number is taken to the true Root, the nearer the Opera- 
tion will come to the Truth> and therefore after he has tried the 
Jir/l Suppojitiony if he thinks he can make a fecond Suppoficion 
nearer the Truth, it will be right to do it, which peihaps 
" ■* li may 
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may bring out the Root Co near at the firft Operation, that 
it may fave him the Trouble of making a fecond Operation. 

Thus, 

If aaa+aa^as= 494207O9 to find a, 

Suppofc a to be lOO. 

Then the Cube of or a a a h - IQOOCOO 

And the Square of tf, or iifl is - - - icooo 

And i9 is - - - . 100 

loioioe 



The Number in the given Equation is - 494.2070 
If we fuppofe a = loo, then the Sum of its I loioioo 
feveral Powers are - - • J 

DiiFercnce - - - 393^97*^ 

Now let us make a fecond Suppofitibn thus. 
If = 200, 

Then the Cube of iJ, or j <i <? is - - 8000000 
And the Square of ot a a h - - 40000 

And ^ is - ' - - - ^ 223 

Sum of the feveral Powers of if « is 200 - 8040200 

The Number in the given Equation - - 4942070 

Difference over ZO<)S 1 30 

For a third Suppofition, fuppofe it 160 and try with that» 
and if it be lefs than juft^ it muft be r zi 160 and r 4- ^ z2 
d', if 160 be too much or more than jujl^ then it muft be 

When ihere are two Suppolitfon? made, one being more 
than juft^ and the other lefs than jujl^ it may be convenient to 
make a third Suppohlion berween the two, and proceed by 
Cafe 1 or 2» according as the iuppofed Number is more or left 
than juj}. 

Having expla\nc'.=l the Method of refolving aJfe^^ed Equations, 
we proceed 10 iuch (^:cfi;gns as piodiicc thefe Equations, 



rhe . 
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Man7ier of folving ,^eJiionSy when 
the, unhimfi Slumitity has fever al Powers 
in one Equation^ and only the frfi 
Power in the other Equation. 

f9.^T r H E N the unknown Quantities are to the firft and 
VV iecond Power in one iE)quation> and but to the firft 

Power in the oiher Equation, find the Value of that unknown 
Quantity, in the Equation where its Terms are the more fimple ; 
raife this Equation, or Value of the unknown Quantity, to^ the 
feveral Powers of the unknown Quantity in the other Equation; 
then in that Equation for the feveial Powers of the unknown 
Quantity, write, or put thefe Values, which exterminates that 
unk-nown Qiiantity, leaving an Equation with only one un- 
known Quant it V, which miy be icioivcd by fome of the 
Methods already explained. 

Queftion There are two Nurnhers^ if the Square of the 
greater is divided by the lejjer^ to this ^lotieni adding the ^rt^at^r^ 
from which Sum fubjlra&ing the Square of the lejfery the Remain* 
der is 100 : 

And the Sum of the two Numbers is 50. f^hat are the Num^ 
hers fought f 

Let <i = the greater, e = the leflcr Number, m =s 100, 



a a 

— +tf — ee^m 
e 



By the Quedion* 

In the fiift Equation both the unknown Quantities are to the 
firll and fccond Power; but in tlic iecond Equation ^they are 
only to the firlf Power; therefore, according to the Diredions, 
iind the Value of a or ^, in the fecond Equation. • 

2 — ^ I 3 I a — p-^e 

Becanfe a is to the fecond Power In the fuft £<iuaUon, raife 
the third iLouauon to the fecond Powcf* 
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Now for a a and a in the firft Equation, write their refpcc- 
tive Values, ^jf^ — 2pe^eey anu/j — ^, fbund by the thud 
and fourth L^u^itions, then we have. 



^ -3-4 


5 


5 X r 


6 


That is 


7 


7 4" ^ ^ ^ 


8 


8 4- /► ^ 


9 


9 in Numbers 


10 


That is 


II 



^ " — ^— "tP — ^ — e i zz 



an Equation from which a is exter- 
minated, and contains only the un- 
known (^juaniity e, 
pp — 2 p e-{-e e-\-pe — ee — €eei=.me 
pp'—'p e ^ n w ^ 
pp — pe=zme-\-eee 
Pp:r:eee-\-mi'\-pe 
e ee -\- 100^ + 50^ = 250O 
eee -x- 150 2500 

Here the Equation appears to be adfeiledy and to rcfoh e it. 
Jet us fuppofe ^ = 9. 

Tl.ti'i e ee 729 
And 150^? = 1 350 

2079 which being lefs than 2500* therefore e 
mult be more than 9. 

Then let r r=: 9, and r ~ what 9 , wants of the true Value of 
then by Cafe i. Art. 67, wc have, 

I r+y—e 
I ©- 3 2 r rr-f-3 r r;f4-'3 r;^y=^^^, rejecting 

the Powers of y above j^y. 

Becaufe in the given Equation e is multiplied by 150, there* 
fore multiply the firft Step by 150. 

ixrsol 3 I i50r4-i5oy= 150^ 

Now add the fecond and third Eq uattons together, becaufe 
the like Powers of i in the adfe£fed Equation, are conned^ed by 
the Sign 4-. 



24-3 
But 



4 
5 



rrr4-3rry4-3ryy 4- I50r 4- 150^ 

^#^4- 150 ^=2500, by the given 
fquation. 

4-S 



4-5 


6 


6 in Numbers 


7 


7 contracl-cd 


8 


8 — 2079 


9 


9^27 


10 




■■ 



Of fohing Equations, hcc, 24S 
= 2500 

= 2500 

2079 + 393 + 27 jfjrrr 2500 

Di' 1 uing by the Co-efficient of//, 

14.5 5 V +>7 ~ 15-59 
Now dividing by the Co-efficient of jf 

/--__^^5:59_ 



14-55 



Operation 14.55) 15.59 
I. 

15-55 



Divifor 15.55 
r= '9 



4 Remainder neglected. 



r+/ = JO = ir, which being involved and tried will be 
found to be the true Root : Hence 10 is the leiTer Number fought. 

Then by the. third Step of the Work to the Queftion a^p 
— . ^ = 40, the greater Number fought. 

In the Divifion for finding/, the Learner may obfervc, that 
as the two next Figures in the Quotient will be Cypbersy and in 
the Places of Fraftions, and the third Figure being of Co fmail 
a Value, I proceed no further in the Divifion, but leave it as ta 
the Work, and fo happen to find the true Value of e» 

Queftion 85. Tw^ Men^ A and B, have fucb a Number of 
Pounds^ that the Pounds A has^ divided by the Pounds B bas^ 
and from this ^totient fuhftraSfing three times the Square of B!jf 
Poundsy and to the Remainder adding the Square of AV Pounds^ 
the Sum is 2j : 

But if from the Pounds A hasy there is fuhJlmSted the Pounds 
B hasy the Remainder is 5. Hew many Pounds had each Man f 

Put a = the Money of A, e the Money oi d 27, 
if = 5. 



a — ezzx 



BytheQiieftion* 
In 
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In the firft Equation ^ and ^ ^^^"g ^rft and fecond 

Power, and to the firft Power only in the fecond Equation, 
therefore by the Diref^ions find the Value of ay or in the 
lecond Equation, fuppofe we find the Value of 

a + 4P I 3 I e 

Raife this to the fecond Power, becaufe a is to the fecond 
Power in the firft Equation. 

3 ®- 2 I 4 \ aa ^ XX •\' zxt^ e e 

Now for a and ^ ^7 in the firft Equation, write their refpe^ive 
Values, + ^, and xx-^ixe-^-ee. 



1.3.4 


5 




6 


That is 


7 


7 in Numbers 


8 


8 + 2 


9 


6 — loee 


10 


10 — e 


1 1 


11 — %$e 


12 



e-^;>: x-\.2xe-j-ee =■ here 



a is exterminated, for the Equation 
contains only the unknown Quantity e» 
x-\-e—2eee'\-xxe'{-2exe+eee'^di 
x-^-e — 2e€e'\'Xxe-\'7,xee = de 

5+^+25 e-\-loee:=. 2/^^+27 e 
5+^ +^5^= 2^^^'— 10^^+27 e 
5 4- 2^e = 2eee — lOee-^-^t^ 

To refolve this Equation, fuppofe ^ 6. 

Then 2 ^^^ = 432 

— loe e ^ — 360 

7^ 

+ ^ 6 

78 which being greater than 5, the Num- 
ber in the given Equation, hence e cannot be fo much as 6, 
therefore. 

Let r = 6, and y = what 6 is too much, then by Cafi 2, 
Page 235, 

1 1 r — y e 

2 - r r r — « 3 r r y -f- 3 r r v = r re- 
j€<Sling the Puwtii ot j ^ibove j/. 



Becaufe 
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Becaufe in the given Equation ^ ^ ^ is multiplied by 2, there- 
fore multiply the laft Equation by 2. 

2x2) 3 \7,rrr'^6rry-\'()ryyzz.2e£e 

Now raife r — y = ^ to the fecond Power, after which multi- 
ply it by io> becaufe it is 10 in the gi ven adfe<5led Equation. 



I ©• 2 

4X10 



4 
5 



lorr— ♦ 20 -|- lOyj-iEiot^ 



Then add or fubflradl the Equations that are equal to 2 / ; 
10 ee and according as thofe Quantities have the Signs 4- 
or — 9 in the given adfeSfed Equation. 

2 r ; / ~ 6 r y-f-6 ryy — lor r+20 ry 

— J c V7+r — ^ zzie e e — lo ^ e-^-e 
le e e — 10^^-^^ = 5, by the given 

Equation* 

IT r r — 6 r ry-J-6 ryy— -lo r r-f-2orj^ 

— loyy + r — y = 5 
432 — 216 J -f 36jy V 360 -J- 120/ 

— 10^^ -j" ^ — = 5 
78-^97y + 26yy=5 



73^97;' + 26yj> =r o, for one Side 
of the Equation fubilra^^ed from the 
other, the Remainder muft be no- 
things both Sides of the Equation 
being equal to one another. 

12 73 + 26y/ = 97y 

13 97r~^26;'y= 73 
Divide by the Co-efficient of y y. 

H Z'liy—yy = 2.807. 

Now divide by the Co-efficient of / 
minui y. 

15 > = 



3—5 + 1 


6 


But 


7 


6.7 


8 


S in Numbers 


9 


9 contra<^ed 


10 


Ffaoipofc 5 it b 


eing 


10 — 5 


Jl 



II + 97 J' 
12 — 26yy 

13 -^^[6 



14 3-73 — ^ 



3-73 

Operation 3.73) 2.807 (l.=ry 
— I. 

^^•73 . 



Divirur 2-/3 



7 Remainder iie^Ie£led. 



I 
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r s 6 by Suppofition> 



^ — 7 5 = ^> which being: ^nvoI^red and tried It will bc 
found- be the true Root, hence B had 5 Founds. 

Then by the third Step of the Work to the Queftion a x 
-J- 10 Pounds, the Money A had. 

70. The Numerlcnl Method of refohing adfe^ed Equatkns 
helng explained^ we Jbaii now Jk^ the Learner, that evfry ad^ 
fiifed Equation has as mgr^y RootSy either real or imaginary, as 
sre the htghefl Dimevfims of its unknown ^tnnfity. 

For in any Equation where the higheil Power of the un- 
known Quantity is the Biquadratic, or fourth Power, then 
there may bc four Values of the unknown Quantity ; if it is 
cmly to the third Power, then there may be thiee Values of the 
unknown Quantity, and fo on: But there cannot" be more 
Roots or Values of the unknown Quantity than there are Di- 
onenlions in the Equation. 

Thefe Roots are fotnetimes affirmative^ and fometimes nega- 
tive^ and ibme Roots are impoJfthU, The Reader obferving how 
QL idratic Equations were compounded ai\d generated^ may 
better underftand the Nature of thefe Roots. Thus, 

Suppofc =z I, then tf — 1=0, again fuppofe^a z: 2, then 
Now multiply thefe two together - - a — r 0 

aa^a =: o 



An Equation of two DimenHons, which } . 
las two Roots, vi%. i and % 3 2 r= o 

Agatn> let « = 3> then - • • - — 3 = o 

ii a a "^a a -^ % a^ O 
— 3^^-i-9<2 — 6 = 0 

From malciplylng thele tngeilier, we have an 

Xq«atk>n of three D}nTeo(ions> antl which has > q aa^-^ij a a -\- 1\ a 6 = 0 

3 Roots^ 1 . 1 and 3. J 

Laftly, fuppofe azz — 5» then - ^ + 5 = o 

aaaa — b aQa'\'\\ aa — 6^ = 0 
■\- ^aaa — 30tf^4" 55^ — 3^ = o 



An Equation of 4 DimeniionSj and -\ . 

hicb has 4 Roots, 1.4.3.}. ^rtftftf — tftftf— iq<2<?-J-4Q a — oq = O 

xd — c, and fo of any other Power. 3 « 



An Equation of 4 Dimenrjons, and 
hicb has 4 Roots, o/is. 1.2. 3 
and — 5, and fo of any other Power 

Thefe fevers) Multiplications muft all be = o bccaufe the 
Multiplicand and Multiplier are each = o. 
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By the fame Method that we found the two Roots in Qua- 
dratic Equations, we may find the ivoots of thele Equations. 
For fuppoie we had this Equation a a a a — a a a — a a -\- ^ 
——30=0 given) which being reioivcd by the Method of Q-nj^ 
ver^inz Srn't's^ we fhall find ^ i, whence i is one or the 
Roots of the given adfedted Equation ; now rranfpofe i to make 
It a — 1=0, take the given Equation, which being equal to 
nothings and dividing it by ^ — I, the Quotient muli. be equal 
to nothingy ihus^ 

a — 1=0) aaaa— aaa — 19 <f<?+49<?— 30— O {aaa — i9<i-{-30=iO 
aaaa — aaa 

— 19 aa^^ga — 30 

30tf— .30 

O 

Here we find the Quotient to he aaa — 19 ^ + 3^ — and 
folving this Equation by the Method of Converging Series^ we 
ihall find a = for another of the Roots of the given adfeded 
Equation. 

Thentf — 3 = o) a aa — iga-^-^o = o («^7 4"3^— ' 10 = o 

aaa — ^aa 

a a — — C) a 

— Ic a -\- 30 

— lOfl 4- 30 

Hence we have got this Quadratic Equation tfi7-j-3tf — 10 = o, 
whence + 3^1 = 10, the two Roots of which are 2 and — 5, 
the two remaining Roots of the given adfeiSled Equation ; in 
the fame Manner all the poflible Roots of any other Equation 
are determined. 

And to give the Learner an Indance where fome of the Roots 
of an Equation are impoflible : 

Suppofc aaa — ^ a a -\- j\.a 16 •= by tranfpofing 1 6 and 
rcfolving the Equation by the Method of Converging Smesy 
we {hall find a = 4 : Then tranfpofing 4 to make it ^7 — 4^0, 
and making the given Equation equal to mthingy and dividuig 
thus^ 

K k a — A. 
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a — 4= o)aaa^j^aa + \a — i6 = o(<jtf + 4 = 0 
a a a — j^aa 



4^ 



10 
i6 



Becaufe the Dividend and Divifor are both equal to nothings 
therefore the Quotient muft be equal to nothing ; but if -f 4 
= 0, then fltf = — 4 an Equation which has no real or pojjible 
Root in Nature, it being impoffible to generate or produce a 
negative Square, for minus multipHed into minus^ as well as plus 
multiplied into plus^ makes the Product ajjrmative^ or plus. 

Queftlon 86. Three Aj £7 chants y A, B, and C, found the 
Peloids A and B had gained^ were equal to twice the Founds C 

had gained: 

But if the Pounds A gained ivere added to twice the Pounds B 
gained^ and this Sum added to the Founds C gained^ it made 
19 Pounds : 

And the Sum cf the Squares of each Performs Gain was equal 
to Founds^ How much did each P erf on gain ? 

Lettf =: the Gain of A, ^ = the Gain of B, = the Gain 
of C, =r 19, p = 77. 

I 



1 — e 



4 ©• 2 



2 

3 
4 



the 
leAion. 



aa e e y y ~ p 

a — 2y — e, Raife this Equation to 
the fecond Power, it being aa SkX 
the third Equation. 

aa ^yy — 4^ e '\- e e 



Now for a^ and a a in the fecond and third Equation?; write 
their refpedive Values, vi%. zy^^e^ and ^yy — ^ye^^ee* 



2 

3 



4 
5 



6 
/ 



<^yy ^dfye'\' %e e^p. 



Here the Qi^ieRion is reduced to two Equations and two 
unknown (^antities, for a is exterminated, therefore in the 
iixth Equation, find the Value of or and raife it to the 
fecond Power, for thole Quanlities are to the fecond Power in 
the feyenth Equation* 

6 — 37 
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8 2 



8 ( w — 3jr 



ee zzmm>^6 7ny-{-(^ y y Multiply this 
Equation by 2, bccaufe it is ^ €em 
the Icventh Equatioii. 

Now in the fevcnth Equation for e and %ii write their Values 
at the eighth and tenth Steps. 



7 • 8 . 10 

II contra^ked 
12 — 2 mm 



II 

12 
^3 



^yy — 4)' m + ityy-^-z in m — J2 my 
-|- 1 8 >■ )' = /», an Equation with 
only the unknown Quantity^. 
y y — ' 16 TP. y -\- 2 m m := p 
35 >' ^ 1 6 V ~ — 2 ?n niy here the 
Equation appears quadratic^ and it is 
likewife ambiguous^ for Z mm is 
greater than p. 

it my _ ^ — 2mm 

~S 35 
^ 16 OT^ ^ 2$6mm ^ 2 $6 ^ 

35 49^0 49o7* 

35 

The Co-cfHcient of v is , which beiing divided by 2, or 

35 

by the Rule in common Aiithmetic for Divifion of Vul- 

I 

gar Fractions, the Quotient is » the Square of which is 



13 -^3i 
14 c □ 



14 
15 



256 ^ 
4900 



70 



164 



16 m 



70 



By the 8th Step 
Py the 4th Step 



16 



17 



16 771 7256 mm . P 
— — , — = ^ ^ 

70 4900 



35 



18 

19 



70 4900 35 

= 4.9999 or 3.68.57 
But 4.9999 is the Number, the Anlwer 
being 5. then if y r= 5 

— 3y = 4 
a = 2y — ^ z: 6 

K k 2 Qjieftion 



s 
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Quellion 87. A, B, mJ C, havitif^ been at the Gajnlng-^abU^ 
found the Pounds A loft added io iut. Founds C loji was equal to 
twice the Pounds B loft : 

But the Pounds A loft added io the Pounds B lofty and this 
added to twice the Pounds C lojiy the Sum luuo 2 2 Pounds : • 

And the ProduSi of what A a?hi B /?/?, beinf^ added to three 
times the ProduB of what B and C lofty the Sum was 120 
Pounds, How much did each lofe ? 

Let a = the Sum A loft, e = the Sum B loft, / = the Sum 
C loft, d :^ liy « == 120. 



2 . 4 
3-4 



I 

2 

3 

4 

5 
6 



a e 7, y ^ d> 



2e-^y^d 

2 — '^e y :=^n 



By the Queftion. 



By the fifth and fixth Steps, the Queftion is reduced to two 
Equations, and two unknown Quantities, and becaufe y is only 
to the iirft Power in both Equations, find the Value of y in each 
of them* 



5-3' 
o — zee 



8 



2 e 



7-9 



10x2^ 
II -j- bee 
12 — » 
13 — 2 



l4rT-4 
15 ^ D 



7 
8 



10 

1 1 

12 

13 
14 



15 
16 



y:=:d-'Ze 

2 e y ^ n — 2ee 

r — 2 r e 



n 



2e 
2ee 



2 e 



n — X e e 2 d e — 6^/ 
^ee-\-n:n2de 
^ £ £ — 2 d e ^ — n 
Here the Equation is quadratic and 
ambiguous, 
de ^ n 

+ = - for the 
2 16 16 4 

Co-e|1icicn/ of e is which being 

divided by 2 as in the M Quedion, 

the 



e e 
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16 Ml 2 



17 
18 



the Quotient is — > the Square of 

4 

which IS » 

16^ 

^ 4 4 

4 16 4 

( = 6, or 5, if ^ = 6, 

y:=zd-^Ze = 4 
= 2 ^ — y = o 



Then by Step 7th 19 
And by Step 4.th 20 

But if ^ = 5, then by the feventh Stepj; = d — 3^ = 7, 

.and by the fourth Step azz %e -^y zz 3; 

Queftion 88. 77 ^r^- are two Numbers^ the Sum of their Squares 
being added to their Sum^ is 338 : 

And their Prcdua is 1 56. What are the. Numbers ? 

Let a and e be the two Numbers fought, h = 338, m =: 156. 



Then 
2 

3 ®- 2 
I • 3 -4 

^xee 



I 

2 

3 
5 



^^+'^+^+^ = ^lBy the Queftion. 
a e^m 3 



Hence 



m 

a-^ — 
e 

aa^ 



ee 



^ + ee + ^ + £-h^n Knuation 

' having the unknown 

Quantity e only* 

. eem . , 
m x;^ 4- ^ ^ ^ ^-1 h ^ bee 



But as ' ' zi e the ^ being reje£led 



e ^ m 

ZI ^ W5 tne e t 
^ (by Art. 20, 



There being only the known Qiiantity 7n m, tranTpofc the 
others fo that m m may be at laft a^rmative j and this is to be 
^ obfervec. 
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obfervcd, that in tranfpofing the Quantities in thcfe a^fe^ied 
Equations, the Side of the Equation v/hich 4s known may ac 
lail be affirmative. 



7 — eeee 
Or 



8 

10 
II 



12 



II in Numbers 
Now fuppofe ^ = 10. 



mm'^em zz b ee^^ e e e e — e e e 
mm b e e — e e e e^-^e ee me 
— eeeS'^ c c b e c — 711 e z=z m 

it beino; the c mmon Method to 
place tlitlc Ei[j::nons, according; to 
the h gheft Power of the unknown 
Quantity. 



Then ^ e e e e =s 

^ e e e =s^ 



1 0000 



— I 1000 

+ 338 ^ ^ =: 33800 



22800 

— 156 / — 1560 



1 240 which being lefs than 
24336 the Number in the given JEquation, therefore / muft be 
more than lo. 



Let r = 10, and put y = what it wants of being the true 
Root. 



r +j = e 

r ;*rr+4rrrjr + 6 rryyzz eeei^ all 
the Powers ofy zbove yy bei ng rc j e^ed* 

^^^ + 3^'*J^ + 3^>j' = ^'^> reje£ting 

all the Powers of y zhovt^y. 
rr + 2ry+)j=:0e 



Becaufe In the given Equation li is 338 e therefore multiply 
the fourth Equation by 338,. 



Then 


X 


1 ©-4 


2 


I ®- 3 


3 


I ®" 2 


4 



Becaufe 
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Becaufe in the given Equation it is i^<?, therefore multiply 
the firft Equation by 156. 

Now the fecond, third, fifth, and fixth Equations being equal 
to the feveral Powers of ^, and multiplied by the fame Co- 
efficients as in the given Equation, add or fubftrad them accord- 
incr to the Signs thofe Powers have in that Equation. 



But 
7.8 

2 in Numbers 

10 contra£led 
o — 21240 

IZ 292 
13--7.89— 



a 

9. 



I_2 



— r r r r — /^rrry — 6 r r^;*^ — r r r — 3 rry 

+ 338^^ — LS^i 
— eiee — (?^<f+338^^ — 1 56^= 24336 
by the given Equation. 

— rrrr — /\.rrry — trryy — rrr — 3rrjr 

— 3 ^yy-¥33^ r r+676 r>>+338jKy 

— 156 is(>y = 24335 

— 10000 — 4000;' — 600 yy — 1000 

— .^OOjr-— 3OJ7 4- 33800 + 6760;^ 
+ 338>'y— 1560 — 1563^ ZZ 24336 

21240 -|- 2304;^ — 2^yy =z 24336 
2304 - 292>'> r= 3096 
Now divide by the Co-efficient of yj^ 
y-Sgy — yy zz iq.6 
And dividing by the Co-eflicient of y 
minus yy 

T0.6 

y^—n — 

7.89--y 



Operation 7.89) 1Q.60 (1.7 
— I. 

6.S9 



Divifor 6.8q 
— hi 



Divifor 5^ 



3ZIO 
3633 

n 



r LQ by Suppofuion. 

+ y = h i 

r 1= i u which being involved and tried, it will be found 
too little ; thcrefure for a fecond Operation, 



Suppofc r •=! luj and what it wants of the true Root. 



Then 



1 



256 



Then 
1 ©- 3 

I ©-2 



A L G E B RA. 

r+y=:e 

rrrr-{-^rrry + 6rryy^eef^, the 
Powers of y above j';' being icj.acd. 

rrr-^^rry+^^yy — ^^^y the 
Powers of y above y y being reje6led« 

rr + 2ry+yyz=:ee 



Bccaufe in the given Equation it is 338 ee^ therefore multiply 
the laft Equation by 338. 

4^3p"| 5 I 33^^^ + 676 ry + 338 jry = 338^1? 

Becaiife in the given Equation it is 156 therefore multiply 
the &ril Equation by 156. 

I X 156 I 6 I I56r4-i56jrrr 156 ^ 

Nov^^ add or fubftract the Equations that are equal to r f e 
e e 338 e c. and 156 according to the Signs thole Quantities 
have in the given adfe^id Equation. 



— 2—3+5 — 6 



But 
7.8 



9 in Numb 



10 contracled 



II 



8 
9 

10 



12 



13 -r- 1.805 — > 



II 



12 



13 



14 



rrrr — ^rr r)*— 6 rryy — rrr — "^^Ty 

— 3'7J' + 338,''^+*^7^'7-f 33^Xy 

— I56r — 1561,' = — eeee^iee 

+ 33^^^— 15^^ 
— ^^^^ — + 3 38^^' — 156^ =r 24336, 

by the given Equation. 
"^rrrr — /t^rrry — (>rryy — rrr — ^rry 

—3 ryy^ii^rr^t-jbry + 338 

— 156 r — 1 56 V = 24336 

— 18738.8721— 6406. 452>' — S2i.34_vv 

— 1601.61 3 — 410.67 V — 35. 1 y y 

4- 46268.82 -4- T^oc^ay zz^y y 

-r- — 156^ = 24336 

24336 

036 078 V — 518. 44;' J/ = 232.8651 
Dividing by the Co-efRcient of yy. 
1.805 V — yy = -4491- 
Now dividing by the Co-efficient of y 
minus y^ that is, by 1.805 « — 7. 
4491 



.1.805— > 



Operation 



I 
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Operation \Ao^) .4491 ('^97 =7, 





- .2 




Divifor 


1.605 


3210 




.29 


12810 


Divifor 




11S35 


Divifor 


97 
1.218 


9750 
8526 



1224 

r = 1 1.7 by Suppolitioii) 

= -297 

r + yis 11.997 w^^^^ fometMngtoo little, Ae true 

Value being i2. but this may iniorin ch^ I-^arner of the Nature 
of folvin^r ?hefe high adfeded Equaiiuns, every Operation ap- 
proaching nearer and nearer to the true Root, from whence it 
may be found to anv affio;nable Degree of Exadnefs. 

And having f#uiid e to^be 12, then by tlic third Step of the 

Work to the Queftion, we have « = — = I3> ^^"^^ Num- 
ber fought. 

71. fbe Method of refohing Equations when the unknown 
^antity is to feveral Powers in both Equations. 

When both the unknown Quantities are to the firll and 
fccond Power in both Equations, find the Value of the Square 
of the unknown Quantity in each Equation, and make thefe 
two Equations equal to one another; which Equation will have 
the fir ft Power only of the unknown Quantity,, its Square being 
exterminated by that Equation. 

Then find the Value of the firft Power of the unknown 
Quantity in this laft Equation, which raife to the fecond Power; 
and in either of the two given Equations in which it may be. 
moft conveniently done, for this unknown Quantity and its 
feveral Powers, write their refpcaive Values, which will give 
an Equation with only one unknown Quantity, and w to be 
reduced by the Rules already explained. 

LI Qaeftion 



ALGEBRA. 



I 

2 



Queftion 89. 7» find twa Numbers^ the Sum 0/ whft SquafiS 
is equal to th leffer muttlplied by 20 : 

jind the Square cf tie UJfer being added to their FroduSiy the 
Sum is 16, 

Let a — the gitalter Number, / rz the Icfler Number, 
m = 20> 4/ s 16. 

^ ^+ ^ ' = ^ 'IBv the Qucftion, 
e e '\' a e — a j ' 

Beain to exterminate ee according to 

the Direcliuns, tliat is, find the Value 

of t f ill both the given Equations. 

c € ~ me — a a 
t e =■ d — ae 

me — aa sr^d'^ae^ here / / is eX^ 
terminated, now find the Value of e. 
me^ae^aa'=id 
me'\-ae':zd'\-aa 
d + aa 
m a 

Raifethis Value of/ to the fccond Power. 

d d -\- 2 ( ^ a (i A- ^ ^ ^ ^ 
e e ^ 



% ^ a a 
2 — a e 

3-4 

d a a 



8®-2 



3 
4 
5 

6 
7 
8 



1-9 



10 



Now In the firft Equation for ee and ^, write their rcfpe^tivc 
Values at the eighth and ninth Steps. 

dd 2 d a a A- a a e^ a ^ 

ntd A- ^ i'^ i> ■ 1 

^ an LquaUun clcdr oi ^, 

having only the unknown Quantity <r* 

To dear this Equation of the Fra^iions, obferve that m m 

4- 2 « + « is the Square of 177 + ^, the former arifin^ 
from the Involution of the latter by the eighth and ninth 
Steps, and in the Multiplication of Fraaions, it being the 
fame thing to divide the Divifor, as to multiply the Dividend, 

to multiply ^£±i;il^i±^^ by « + we only change 

the Diviiar tom + a, that being the Quotient of mm + 2 ma 
J divided by + ^ MuJtipIkalion is the 

fame as ufual* 

10 X 
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II X m 4-41 

16 in Numbers 



17 



u 
12 

H 
16 

18 



+ 1 ddA- Ida a A-aa g0 

mtnaa'\'mnaa-\-maaa'\'aa£f4^*^dd 
-|- 474-41 autism 199 mi} n 

4/ 41 + 91474} 41 
jW »1 41 4f+ m d 4141 +41 4? 41 41 +4/4^+2 4/ 4? 41 

'^'Oaaa'Sim m d-\-m m a a-^m 
m a a a'\'a a a a ^d d-^^ d 0 a'^a a a a 

n mmd'^ mda 
maa&^zaaaa'\;dd^2.da 4?-^ 

m d a'n.m m d 
% a a a d '\- m a a a -^^ % d a a-^m d a 

T=. m m d — d d 

laoaaA^loaaa -\' l^laa — 320^1 = 6144. 

Bccaufe the Co-efficient of a aaa will 
divide the other Co-eflRcicnts without 
any Remainder, divide by it. 

424? 42^+ 10 a 43 42+164742*— 160 tf=:3072 



Which Equation being refolved by the Method of Converging 
Series^ we ftall find 41 =: 6, or nearly (o it, 6 being the true 
Rooty from whence by the eighth Step / = 2* 

Qiieflion 90. There are two Numheru if the greater is added 
io Iti Square^ and from this Sum we fubjira^ the Square of the 
iejjer^ the Remainder is 94 : 

Bui the Square of the leffer^ hiing added H tbi lejfer^ this Sum 
is equal to twice the greater, 

Let a — the greater Number, e :::z the Icflcr Number, m z:^ 94, 



^ + ee 

2 — e 
4*5 

6 + e 



I 

2 



3 

4 

5 
6 



i^r::-"} By the qsieftipn. 



a 



Begin With tmdiag the Value of ee in 

each Equation. 
aa-^ a =^m -\- e e 
aa \' a — m ee 
ee zz 2 a — e 

aa-^-a — mzzia — e^ here / ^ i$ ex- 
terminated, now find the Value of <n 

e + a a '\- a — m zsl Z a 
e a a — rn-^iz ^ 



»6o ALGEBRA. 

e a -\- m — a a 

Raife this Value of ^ to thefecond Power. 
ee-^aa-^lam-^-mm — 2 aaa — o^maa 

Now for e e and e in the fecond Equation, write their refpcc- 
tive Value$> found at the tenth and eleventh Steps. 





9 






lO 2 


XI 



2 . II . 10 
12 in Numbers 
1 3 contraded 



12 

14 



14 — a aaa 

15 4^ 2 ( ■ a a 

17 — 187 



IS 

x8| 



— 2 ma a -J- 



Urn -\- mm 1 aaa 
a -\- n i ■ — a a zi^ 2 
1 88 ^7-1-8836 — 2 (7 4 a— 

+ ^ + 9^ - 2 a 
1 87^24-8930 — 2aaa — iSrum -\- aaaa—O 
I raiiipole the feveral Powers of that 
8930 the known Part of the Equa- 
tion may be affirmative, 
— <7j^jzi: 187^14-8930 — 2aaa — 188^7^ 
— uaur7~\-2aaa'^ iS^a-\-Sg^c — • 188^7^ 
— aiiaa'\-2aaa-{-lSSaa = i87^rf-8930 
^aaaa-^- laaa 4- 1 88^2^ — 1 87*1 =1^ 8930 



=: 10, or 



Which Equation being rcfolvcd, we (hall find a 
nearly to it, 10 being the true Root. 

Then by the tenth Step ^ = a^m—aa^^^,. 

We (hall now proceed to the Solution of feveral Geometrical 
Problems upon the f^me general Principles, and if the Learner is 
not fufficiently acquainted with the Elements of Geometry, to 
difcover how the Equations are formed from the Properties of 
the Figure, he may omit thefe Queftions, and proceed to the 
others which require no Knowledge in Geometry. 

Qucftion 91. In the oblique Triangle ABC, givm the Difference 
iitvucen the SuUs A C und B C rrr 8, and the Difference between 
the Segments of the Bafe AL u?id EB ™ 10, and the Perpendicular 
CE, Ut fall from the vertical Angle C, upon the Bale =: 
To find ihe Sides AC, C B, and Bafe A B ? 

Upon C as a Center, with the Raditis CB, draw the Circle 
G B F D, and continue A C to G. 

Hence CB= CD, as Radius of the fame Circle, whence 
AD is the Difference of the Sides, or the Difference between 
AC and CBc=8« 

And 
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And BE=: EF, as FB is blfeaed at E by the :5 . ^ . 3 
hence AF is the Difference of the Segments of the Bafc^ or 
the Difference between AE and EB = lo. 




Let AD=:^/=8, and DC == CB := thcnAC=^/+/. 
Ut AFz=:h—iOy and FE = EB = tf, hence AB = ^ 

2 a. 

Let C E = =: l6. 

tjaving two unknown Quantities, a and and no Equation 
from the Conditions of the Quefton, we muft raife two Equa- 
tions from the Properties of the Figure. 

Now tlie Lines AG and AB are drawn from within a Circle, 
and touch without at the Point A, therefore by 37 . ^ . 3 AG 
X AD := AB X AF, which Lines are exprefled in Sym- 
bols, except AG, but CG — CD — e, and AC z=z d ^ 
therefore AG =: ^ + 2 ^, hence we have in Symbols, 

d -{^ %e X d^h -f 2 a % b the fhort 
Lines over the Quantities, fignifies 
that they are both to be multiplied by 
the Quantity which follows the Sign 
of Multiplication 
But the Triangle CEB Is right-angled^ 
therefore by 

2 p p aa ^ ee 

3 dd-\'2dg ^ bh'{'2ha 
Now find the Vahie of either a or 

in the third Equation. 
3—.^^ 4 2d^^hh'{'2ia — dd 

But as we (hall have Occalion to fquare this Equation, for 
when the V alue of £ is found, that Equation muft be raifed to the 

fecond 



47 ♦ * . I 
From the firft 



^62 



ALGEBRA. 



fecond Power, it being ee m the fecond Equation; and hh 
— ^d being ^ known Quantity, to avoid Trouble, fubflitutc 



Then 



5 

6 



6©- 2 
2.7 



7 

a 



10 

II 



2df = x+2l,a 

Raife this to the fecond Power, becaufc 
it is ££ in the fecond Equation. 

\dd 



(an Equation 
clear of e, 

xx-^^xha-^:^h baoTz^ddpp-^^ddaa 
Bring alJ the Powers of a to une Side 

of the Equation. 
^bbaa — 4 dda a-^-^xh a-^-xx-^^ddpp 
^bbaa'-^^ad(ia--\-j^xba^^ddpp — xx 

Here the Equation appears quadratic^ the unknown Quantity 
being only to the hrtl and fecond Power; but as the Square of 
the unknown Quantity has Co-efficients, therefore by Article 58, 
divide the Equation by ^bh^^dd^ the Co-eflicicnts of a a. 

ll^^bb^^ddl i.L.+ -4^^^ _ Addpp-xx 

The Work being now prepared iot compkatwg the Square, and 
the Co-efftctent of a being a Fraftion, to fave the Trouble of 
dividing It by 2, and fquaring the Quotient according to^rt. 57, 

ibbftimte v = — lli 

^b b — ^^dd 



Then 

14 tu) 2 



»3 



4^6 — 4</</ 

4 b — ^dd 4' 

15 . ^ y ^ fAr<idpp—x X ^ yy 
2 4.b b — 4 4 

,6 ^ = v/^HZ£ZEir^:-z 

^bb-^ ^ud 4 2 
= 16.7. 

Then 
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26^ 



Then by Step 6th 
Hence 



«7 
20 



AC = </ + 1= 31.12 
C B =: ^ = 23.12 
A6s=^ 4.24 = 43.4 



Queftion 92. //;^ oblique TriangU ABC, there is given 
tht ^um of the Sides A C and B C 8, and the Difference of the 
Segments of the Bafe A E and B E =: 2, with the Perpendi- 
cular QE,^ let fall from the vertical Angle at C upon the Baft 
AB = I. find the Sides A C, BC, andBafiABl 

Upon C as a Center with 
the Radius CB» draw the 
Circle G B F D, smd con- 
tinue A C to Gi 

ThenCG=CB=rCD, 

beinij; al! Radii of the 
lame Circle, whence AQ 
is the Sum of the ^idea, 
orAC4-CB = 8. \ 
And FE = EB, for FB^ 
is biledted at £, by the 
3.^.3, whence A F is 

the Difference of the Segments of the Bafe, or the Difference 
between A E and B£ 2* 

The Con(^ru£^ion of this Figure being the fame as the h(tf 
we can raife the fame two Equations from the Figure, but in« 
ftcad of A D being given, we have A G given. Let A or 
AC + CB = i = 8, and DC = CO whence £>G = 2«, 
then AG — DG=AD = x — 2^. 

Put AF=^=2, andF£ = £B:^#, thenAB.= </+2 
lctC£ = j^=:i. 

Now as in the h(k Quei^ion, becaufe the Lines A G and A B 
are drawn from the Circumference within the Circle, and touch 
at the Point A withdut the Circle» hence by 37, ^.3 AGxAO 
ssAB X AF» that is. 




in Symbols x 
That is 2 

by 47 • ^ • M 3 



/I — 2r<i s: + 2 d e 
pp -^^ € ezz a a the Triangle C E B be- 
ing right-angled, and DC=:CB=tf. 



2 



Here 



264 
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2 4- 2 s a 


4 




5 




6 




7 




8 


8@- a 


9 


3-9 


10 


10x4^^ 


It 


H^^ddee 


12 


12 + 4 A-i^ 


13 


13 — 4^^/^ 





^ Here the Queftion is exprcfled by two Equations, and two* 

uakuQwn Quandties. 

ss^ddJ^T-de-^ 2 s a 
ss — ddz=:2de-\' 2 s a 
2 s a ssts s — d d — 2de 
Subftitute as before * = x^ — ddy for 
when the Value of a is found, it muft 
be raifed to the fecond Power, to com- 
pare it with aaitk the. third Equation. 
2sa^x — 2de 
X — 2 d e 

2 S 

Raife this Equation to the fecond Power, 

becaufe it is ^ <^ in the third Equation. 

XX — ^xde -^-^ddee 
a a 

41 ^ 

X X — 4. X d i'^' A, d d e e 
pp + ec= 1—.^ 

^ssfP'\'4ssee'=.xx^ji^xde-^i^ddee 
Now bring all the Powers of / to ^ne 

Side of the Equation. 
^ ssee^4. dde ^+4x5^^=* x^^xde 
^ssie-^^^ddee-^r^de^^ssfpzzxx 
^s$t ^— 4 ddee-^-^xd e=x x — ^ sspp 

Here the Equation appears quadratic^ but is not ambiguous^ 
for X X is greater than ^sspp. Dividing by the Co-ciEcient of 
e by Art. 58. 



l^^^ss^^dd I 15 \ — -ZI— J - ^ss^^dd 

The Work being prepared for com^katlng ihi Square, fub^ 

4*^ - ■^'^^ 
flitute = — ^TT^Trf 77^/ 

XX '■^ AS S PP 

^ /^$s^^dd 

17 lui 3 



Then 
16 c Q 



16 

^7 



2 



Then by Step S(h 

Hence 
And 
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19 



20 

2i 



/at — " 

4 i i - 



2 ^4ii — i^dd 4 



4J5 — 4^^ 4 2 
= 2.86 

a = = 3.03 = B C. 

2 i 

A C = ^ ^ 4.97 
BA = <!/ -j- 2t'— 7.72 



Queftion 93. In the 7 ight' angled Triangle ARC, there h 
given the Area of the Triangle equal to 24, and the Sum of the 
Hypothcnuje AC and Perpendicular EC equal iQ i6» Ti 
fnd the Sides of the T riangie / 

LetACzz^S AB^^, 
BC i = 24, d=. i6. 

Here being three un- 
known Quantiiics, there 
muft be raifed three E- 
quations from the Que- 
fHon, and the Properties 
of the Figure. 

Now as the Triangle^ 
ABC is right-angled, 
therefore. 




By 47 • 



I 

2 



a a e e ^ y y 
y+e=:d 



^ By the Quefiion. 



— — J, fiom the Rule for finding the 
^ Area of the Triangle, for the 

Produ6^ of the Bafe and Perpendicular oi any Triangle beiuo- 
divided by 2, the Quotient is the Area. 

The firfl: Equation has all the ihnc unknown Qiiantlties, 
but the other two have only two of theni. Now if we take 
that Quamii.y which is in all the three Equations, and find the 
Value of it in one of them, and in its Room write that Value 
in the other two Equations, the Qucftion v/ill be then i educed 
to two Equations, and two unknown (^lantiticsj thus in the 
kcgnd Equatiott fiitid the Value of e. 





4 1 

1 


4 ©■ 2 
I • 5 


5 
6 


3 • 4 




6— jK^r 


8 


•9 + 2 <3? ^ 


9 




10 


7X2 

IT 4- 

12 — 2 i 


1 1 

1-2 






10 . 14 


15 




16 


lis X 2 
if7 in Numbers 
18 — 5i2tf 


19 



A L G E h RJ. 

gut as it is ^ e in the firft Equation^ 
therefore^ 

aa+dd-^ 2dy+yy ^yyj Two Equations 
a d — > with only two un- 

^ — J known Qoantidee, 

Find the Value of in each of thcfe 

Equations. 
aa+dd — idy — o, hryy being taken 
away by the SubftraSion, that Side 
of the Equation is mthing, 
2dy=iaa'\'dd 
aaJ^dd 

a d a y = 2 s 
a A 2 s ^ a y 
a y z= (I d — 2 s 
ad — 2 S 

aa-^-dd^ad — t s 

2,d a 
a a a Ar d d a . _^ 



2d 



aaa + ddazz % d d a ^ ^ ds 
a a 256 ^ 512 <J — 1536 
a a a — 256 a = — 1536 

Here the Equation is adfe^edy therefore tranfpofc the Quan- 
tity fo that the Side of the Equation which is known may have 
the afflrmaiive Sign. 



19 + 256 <7 I 20 

21 — a aa\22 



a a a ^ 256 a — T536 
a a a -\- 1536 = ^56 a 
— a aa ^ 256 a z= 1536 



Which Equntinn bc'.n^ rcfnlved by the Method of Converging 
S rieSi we fliali nnd a ~ 8 nearly, for 8 is the true Root; from 
whence the. other Sides of the Triangle are eafily determmed. 

Queftion 94. In the right-angled Triangk ABC, there h 
drawn ''tE f^aralld to the Perpendicular B C, given ^ the Per- 
pem^kular B C = 24, the Segment of the Hypothenuje £ C ~ 15^ 
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undthe Segment of the Bafe A G = 20. To find the Hypothenufc 
hCandBafe AB? 

Draw £ D parallel to A B. 

Let BC =: r = 24, EC 
— » = 15, A G = i =s 20, 
G'B ^ £ D ^ A, then A B 

^ + ^> A £ = ^, then A C 
= a.-4- e* 

Here being two unknown 
Quantities, we muft raife two 
Equations. 

Now the Triangles AGE 
and £ D C are fimllar) 
hence. 







/ 


/ 





A 



G 



by 4 . ^ 1 6 

in Symbols 
whence 



by 47 • ^ . I 



5 2 
4.5.6 

7 X ^ 

8 X / 
9 in Numbers 

that is 



H 
12 

^3 



225 e e 
12000^ 



X 

2 

3 



10 
1 1 

12 
14 



AG: AE::ED:EC 
^ : ^ : : : n 

ae hn^ for Quantities that are In 
continual Proportion, the Produ£l of 
the Extreams and Means are equal. 

^ ^ + 2 ^ ^1+ tf-j-C^ =s »«+2 « e-f-^ ^, 
the Triangle ABC being rightr 
angled, and as thefe two laft Equa- 
tions contain the Queftion, therefore 

e 

bbnn 
aa-^ ^ 



e € 

1 h h n 



b b + + + cczrnn+^Hi 
e ee ( -4- / <i 

bke + 2bbn + - +cce z=nne 

^ (+2nee'\-eef 
bbee+% bbne+bbn n-^-c c e e^n n e e 

-|- T.tteee-^- ee ee 
400 ee-\'l 2000 e + 90000 + 576 e a 

-=1 22S^f + 20ee e + e e e e 
976 ^ / + 1 2000 + 90000 =: 22$ ei 

-f- "^oeee-^eeee 
7 5 1^^ 4- 1 2000^+90000 = 30^^^+^/ff 
£eee-{-loeee — 75 1^^ = 1 2000^+90000 
eeet+Z'^^'^ — 75J^<-rr l»^ooo# qooqc^ 
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Which Equation being rcfolvcd by the Method of Cofwergl 



Serh^. we fhnll 6nd e ="25 nearly/for 25 is the true Root." 

T hen by the fifth Step = 12, whence AC = « ^ = 40* 
and AB = ^+<?=32. 

Queftion 95. /;? rr/W^/<f ABC, given the Bafe BC 
=: 42.5 <2fl^ .^;7^/f /2/ B rr 490 : 45' W the Angle at 
C — 420 : 30 the Perpendicular A D, /rf fall from the 

vertical Angle at A upon the Baje B C. 




The Triangle A D B is right-angled, 
and the Angl- ABD being given, all 
the Angles cf ibe Triangle ABD are 
known, therefore by plain Trigonome- 
try, we can find the Ratio between the 
Sides B D, and A D, though we do not 
C know the Length of either of them, for 
as the Sine of the Angle BAD, is to the 
Logarithm of any Number aflumed for the Side B D, fo is the 
Sine of the Angle at B to a fourth Number, which is the Lo- 
garithm of the proportional Number for the Side A D. 

Therefore ailuming. or i, for the Side BD, we have 

As the Sine of the Angle at A • 40^ : 15' - 9.S10316 

Is to the Log. of the Side B D - i. - 
So is the Sine of the Angle at B - 49') : 45' 



To the Log. of the Side A D 



1. 18 



- 0.0 
> 9 882657 

9.882657 
9.81 0316 

- ^2341 



Hence the Sides AD and BD are to one another, as T.18 
is to I. 

Now let BCsi^ = 42.5 AD 5= tf, mzz 1.18 and pzz. 
Confequently, 

I \ m : p I : a ; tJ! — B D, that is, as 
! the Numbers which 

cxprefs the Proportion of A D and D B, are to one another, fo 
is the true Length of A D to the true Length of B D. 

By the fame Rcafoning, in the Triangle ADC, becaufe all 
the Angles are known, therefore the Ratio of the Sides AD 
and DC are known, and afluming A D to be == i. and pro- 
ceeding by Trigonometry as before, we fliall find the propor- 
tional Number for CD to be 1,1 

Noir 
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Now putting ^=1.1 and i, as before, we have 

p\d\\a\~z=. DC, by the fame 
P Reafoning as at the 
lirft Step. 

And as we have now exprefled in Symbols the two Farts 
B D and D C of the Bale B C, 



Hence 


3 


pa J. da 

m 'p 


3 X 


4 


pa + 

P 




5 


ppa + md 


p p ^ tn h 




" = rr-r- 



— 21.82=: AD. 



Queftion 96. In the rights 
angled Triangle ABC, there is 
given the Sum of the Sides equal 
to I2« aftd the Ana equal to 6* 
To find the Hypothenufe AC? 

Letf = 12, ^z;^, BC=:^7, 
AC r=y. 



Then by the Pro perty of t he A 
Triangle, A B zn \/yy ^a a. 

Hence 




I 



^ +J' + \/ yy = * by the 

(Queitioii. 

— yy — a a from the Rule for 

^ (finding the Area of the Triangle. 



Now becaufe there is the fame Surd in both Equations, find 
what the Surd is equal to in the fecond Equation, and write its 
Value for the Surd in the iirft Equation. 



2 



2/. 



\/ yy — aazz — for^=:— „ and 

a 11 

^ i = ii, by the Rule for Divi- 

2 a 

fion of Fradions in common Arith- 
metic, 

* -3 
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» • 3 
4 X 



1 — 

7± 
5 — 

9x2 
8 . 10 

11 '\' 2. ay 

12 — 2sa 
13 + ^^ 
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4 



7 
8 

9 

10 
II 
12 

13 
14 



a 



ad'^ay-\-%h^sai now the Queflion 
is contained in the lirft and fifth 
Equations. 

\/ yy — a a = s — a — y 
yy — aa^ss — 25a — liy-\-2ay'\-aa'\-yy. 
2u ^ ~ 2sa 2 s y — zay-^ss . 
a a = s a — ay ^ 2^ 

2aa :=z 2 s a — 2 ay 4^ 

2 j^? — 2ay — 4* = 2^4.2 jy — lay — ss^ 
2sa — 4.h=2sa'\-2sy'^4s 
— \ b — 2 s y '■^ $ S 
2sy = ss — 4 ^ 
ss — 4^ 



2 ^ 



= 5 = AC. 



Qucflion 97. In the Tri- 
angle A B C, there is given 
the Su?ri of the Sides B C + B A 
+ A C = 85, the Jrea = 
2 CO, and the jungle at Az:s 
1 24 ^ To find th4 ^ides of the 
Triangle P 

J) Let X = 85, ^ = 200, A C 
= eij becaufe the Angle BAG 
=5 124s the Angle C A D rr 56<>, and C D being a Perpen- 
dicular let fall on A B coiuinued, all the Angles of the Triangle 
A CD are known, confequenily the Ratio between AC and 
CD is known, for afTuriung CD to he Uuiiy^ or then in 
the Txianglc A C D by Trigonometry, 

As the Sine of the Angle CAD - 56'* 2 00' - 9*918574 
Is to the Los. of the Side CD * i. - o.ooooQa 




So is the Radius 



90"* : 00 - T O cocooo 
10.000000 
9QJS5 74 
G.08J426 



To the Log. of the Side AC • 1.21 
Hence we know ti^e SiJe§ A C and C D as 1,21 to i. 



Of fohtng Equations, &c, 

Calling « = 1*21 dzi i, therefore. 



2yi 



da 



m 



: : : : if = CD, as at the firft 



m 



or fecond Steps, Queftion 95. 

N w B A being confwJered as the Bafe of the Triangle BAG, 
.1 C D as its Perpendicular, hence by the Rule for finding the 
Aica of the Triangle, BAxDC = 2^, that is in 



aru. 



Symbols 

da 
m 



And 



3 + 4 



10-2 
6 + 7 



5 

6 



7 
8 



2*= -xBA. 



77: 



m 



2i^= BA, for ih orlLr 

I 

= itm by the Rule for Divifwn 

da ^ 

of Vulgar FraL^inri'". 

A D = v/'^«-— for the Tri- 

angle A C D is right-angled, where 
= AC,' and — =CD. 

IB 

2 ^ »l I dd a a _ r» A I 

da mm {AD = BD 



d da a da 

d d a a — * 



J 4 .7 l7 

m m 



-\- a a 

d d a a 



mm 

— a 



n BD, or BD 
(fquared 



m m 



= C D, or C D fquared. 



A. b h m m , A. b m f 

L 1- 3 ^ aa '■^ 

d d a a da 



d d 



ii a 



mm 



4*tftf = CB, orCB fquared. 



Having now got an ExprefTion equal to the Square of C B, 
we muft endeavour to find another Expreiiion for C B from 

fome other Data, 

ibk)w the bum of all the Sides is given, that is, 

918 
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But 

9 . ic 

m 

da 

12—12 

13 ®" 2 

8 . 14 



^hb mm 
ddaa 



16 — aa 



9 
10 

II 

12 



16 



17 



BC + Ae + AB = i 

kC-a, and AB =: by the 

da 

third Step. 

^ ^ 

..-ii^-^^^BC 

da 

Lshm , Ahma, Alh^-m 
s J — -1 . — 2 ^ |- Z 

ddaa 

— 2 



-f-tfi7=BC, orBC fquared. 



5 5 



^shm 

"57 



_ 2 4~ 



i( /: 7V m 

ddaa 



/ ddaa 



mm 



A, s h m ^ , A, b m a , 
ss — 3— a^tf+i-y— + aa 

y ddaa 



da 



Ab m jf 
^ a 

4. 5 b m 



m m 



s s — 



da 



~Q. s a 



: + aa 
da 



Ab m f ddaa 
da mm 



Here the Learner may obferve that the unknown Quantity is 
under the radical Sign, and therefore as fuch Equations are 
generally fquared to take away the Surd, the fame ib to be done 
here ; but as it is <? in all the Quantities under the radical Sign, 
wc can extraA the fquare Root oi a a^ and join it to the ratiopal' 
Quantity, leaving the remaining Part of the Surd under the 

». * * f (i daa A.bm f dd 

radical Sign, thus l^—^/aa = t- — a^i — 

^ da m m da 



m m 



dd 



m m 



, whence the icventeenth Equation becomes 

18 I if 



4 
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i8 



ss — 7^ — . ^ 2 s a + -2— = 

a a da 

\/i — by which Means 
d mm 

we have faved the Trouble of fquar- 

_^ ing the fevcnteenth Step. 

l%Y,da 19 ssda — /^sbm — %dsa a'{-/^bm a = 

/^bma^ I 

m m 

The Equation being now cleared of its Fradions, it appears 
quadratic^ for the Powers of a are only to the firft and fecond 
Power, and the Surd is Part of one of the Co-eiEcients of a. 



19 ± 



20 



I 



20 



2ds 



21 



idsaa -\-^bma i — ; ^j^bma — sstU 

\bmay i — ,^i^\bma — ssda 
mm 



Zds 



4 ^ 



h 



2 h m 



2: ds 



Now 



then 

22 r □ 

23 uu 2 



24 'jr 



X 



22 
23 

25 



1/ I — ^b m ^ s s d 

mm 

being a known Quantity, and = — 
45, put * = — 45. 

2 b m 

a —X — ^ " 

, A- v A* A* 2 ^ 
41^ — X a -f- — — — 

4 4 ^ 



2 b m 



a-L± v/'— - the Equa- 
2 4 

tion being r^nbir^uous by the 2 2d Step, 



Whence we fliall find a 27.21 = AC. 

And by the third Equation = 17.78 = B A. 

d a 

And by the thirteenth Equatipn s — 1^!? — ^ = 40.01 = B C. 



a a 



N n 



Ttiis 
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This being the moft difficult Solution wc'lvarc yet had, a 
Review or Summary Account of the Operation may not be 
uitlefs to the Learner, in g^tving: him fomc Idea how to begin 
and form a Judt^ment in fuch Cafes. 

Now becaule the Angles of the Triangle A CD arc known, 
we have the Ratio of the Sides given, whence aflbming CD as 
knov/n, I find a proportional Number for A C, and from thence 
T can exprcfs CD and AC in Symboit, and CD being con- 
fidered as the Perpendicular to the Triangle B A C, of which the 
JSafe is B A, from the Rule for finding the Area of a Triangle, 
I obtain nn Expreffion for B A ; and J exprefs A D in Symbols, 
from knowing AC and CD, and adding A D to B A, I have 
Exprcffions for B D and D C, each of which being fquared) their 
Sum is eqaal to the Square of B 

Then fiom fomo other Data I find an ExprelTion for B C, 
and becaufe the Sum of the Sides is eivcn, and having Expref- 
fjons for the two Sidei BA and AC, it is eafy to hnd an 
ExprelTion for BC, as at the thirteenth Step, which being 
f()t!arcd, is made tipial to the former Square of BC, and the 
Equation is reduced, us in the Work. 

This and i"."vcral other Queflicns are taken from Sir Isaac 
Nf. WTON, the pf-prtual and eveslaftino; Honour, Ornament, 
and Glory of our Nation ^ and I have only endeavoured to 
accommodate his Solutions to the Learner, in explaining them 
in a more copious Manner. 

Queftion 9R. In the I'l Icing Ic A H C, ther^ is given the Altitude 
C D ~ 7« the Bnfe A B = 10, and (he' Si^m of tht Sides B C + 
A C = 23. T& find tbi Stde^ 0/ ih^ iriangU f 



Brcaufe the three Sides of 
the Triangle BAC will be 
eafilv' expreiled in Symbols, 
and [he Tri angle BCD being 
right-anL^lcd, we fhall eafily 
find to what BD is equal. 

Again, as rhe Triangle ACD 
is fi^'ht-ani'ltd, and the Sides 
AC and CD are i^nown in 
Symbols, therefore A D is known m Symbols. 

Now if from BD belorc round in Symbols, vvc fubfira<^ B A, 
there remains another Value for A Dj which being made equal 
to the for^^er, we have an £quaii£>«, which is.juijicient> if we 
ufe but on<: unknown Quantity'. 

Ana 
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And as here will be a new Method of expreiTing the C>iiafi- 
titles fought, I refer the Reader to Quedion 41, whoie at Sttp 8. 
he will find, that in any two Numbers, if their DifFiTcnce is 
fubftra£ted from their Sum, and the.Rcmatnder divided by 2, the 
Quotient will be equal to the leflerj and at the fame Qiicftion. 
if he externunates e and finds or the greater Number, ic will 
be equal to the Sum and DliTerence of the two Numbers added 
together and divided by 2. 

Therefore put ;f=CD = 7, i-^BA - to, rrr half the 
Sum of the Sides B C + ^ =^ i r. 5 and a - n: l! rheir Dif- 
ference, then the ercat- r Side or HC — c and liic iciier 
Side or AC = <: — ^> now in the l\iungle BCD 



by 47 



by 47 . ^ . I 

but 

X — '3 

5 ©- 2 



3 
4 

5 
6 



we have 
8 <@- 2 

^ — %hb<: a 
10'^ bb b b 
II — /^bbaa 

1 1'T^ibcc-^^hh 



13W 



7 
8 

9 

10 
1 1 

12 



^cc-^-^ca-^-aa — at ^ B D, for 

B C = <^ + ^? 2nd C D -z: 
And in the Triangle A C D, 

^tr — 2f + — = A D, for 

B A = i^ 

cc '\'%c a^aa^x xx^bzz. BD 
^BA = AD 

— \/ cc-^-zc a-^ aa — xx:-\'hb 
By tranfpofmg the Quantities which 
dellroy one another 

—*4ftf=—?.^%/tf-|-2tY7 — * 

2/^ ^ cc+Zca-^aa — x x^bb-\-^ca 
j^bbcc %bhca £^bbaa — /^bbxx = bbbb 

'^Sbbca^\-^ 16 ccaa - 
4hbcL -\-^bbafi — .\hbxx — bbbh-\-l6ccaA 

ibuan — ^hb i-Y ,\bhau ^ J^hbxx — bbbb 
Itccaa — 4/ ; -zz: ^L'ou — ^bbxx — bbbh 
he c ~ b b h b — ^ l bxx b b 

4 



A.bh 

aa^^ — 



14 



bbx 



1 O 4 t" 



See Page 276. 



— bbxx 

^ 4 4^^ — b b 



X X 



N n 2 



— 3.69 

VVhcnce 



I 
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Whence c^a^ i5'^9 ^ ^ — ^ = 7-8i ~ AC, 

If the Learner (hould be perplexed to fee the Contractions at 
the thirteenth and fourteenth Steps^ they may be illnftratcd thus 
^bh c c — h hb b — ^bbxx j^bbcc-^b b b b ^b bxx 

itcc — /^bb lb cC'-^^bb ibcc-^^bb 

for it Is the fame Thing whether the Quantities that compofe th^ 
Numerator, are placed fucceffively one after another like one 
continued Fraction, . or placed feparately and diftin6^1y> like dif- 
ferent Fradlions, the Quantities that compofe the Denominator 
being placed under each diftin^ Numerator. 

But i6cc^4bb)4bbce^bbb^(t^ 

^b b cc — b b bb 



The Quotient Quantity is b by and as the Co-efficient* of the 
Divifor are refpe£tively four Times mOre than thofc of the Di- 
vidend, therefore under the Quotient Quantity b b place 4, and 

^ is the Quotient exa<9, 
4 

And this Fraaion ^tLH^ = ^ for it is only 

l6d-r — 4/'/' 4-^^- — bffy 

dividing the Co-efficients by 4, therefore the Contra^ions axe 

as at the thirteenth Step. 

The Conrraflions at the fourteenth Step, arife from its being 

b h \n <i]\ the I crms under the radical Sign, for it is only placing 

b the fquare Root of ^ A without the radical Sign, by which 

jbb , I b b , r >i 
means */ — , or */ „ is ^ */ ^» 

4 4 4 



Queftion qg. In the Triangle B C A, there is given the Safe 
B — t, the S 
iical Angle at C 



A B'= 6, the Sum of the Sides AC + B C = 1 8, /^^ "Jer- 
: — 30^ : 00'. To find the Sides AC ^indB C, 



Let fall the Perpendicular A D, and in the Triangle A CD, 
Icc uiie the An; le at C is given, all the Angles of that Triangle 
5ire known, and therefore the Ratio of the Sides is known, by 
winch xiicaa^ vvc Caa get an EApicfiion for CD* 



And 
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And becaufe A D is a Perpendicular that falls within the 
Triangle, and the Angle at C is acute, therefore by 13. e, 2, 
B C fquared added to AC ibuaTed, is equal toB A Tquared addc<f 
to the Frodui^t of 1 BCx CD, from whence we fhall have ano- 
ther Expreffion for C D. Now if we can exprefs the Sides of 
the Triangle with one unknown Quantity, this Equation be- 
tween the two VaJttCi of C P will be fu&cieiit. 



c 




In the Triangle A C D, becaufe the Angle at C is known, 
and AD being a Perpendicular to CB, all the Angles of the 
Triangle A CD are icnown, therefore a/Tuming CDssi, by 
Trigonometry, 

yVs the Sine of the Angle CAD - 6o'» : 00' - 

Is to the Log. of the Side CD - i. - o.ooocoo 
So is the Sine of the Angle CD A - 90 : 00 -^10x0 0000 

10.000000 

993753^ 

To the Log. of the Side AC - 1.15 - - 0.062469 

Hence we know that as 1.15 is (o i, fo is AC to C D. 

Then let A B = 6 = ^, half the Sum of the SiJc;^ AC 

4- BC = 9 z= ^, and half their Difference — a, then as in 

the laft Queftion, the greater Side or BC = ^ 4- tf, and the 

IdTerSideor AQ==h — a, 1.15 « = i. 

Becaufe AC is to CD, as 1.15 is to 

I Thc|;efore 
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Therefore 
by i> ^' * 

2 —XX 

3 -7- l3 -j- 2 a 



3 
4 



^ ^ + 2 ^<y+a b — 2^tf+tfa — 
+ 2^+2<lXCD 

+ laa— XX — 2 h + tax CD 

1 a a — XX 



=:CD 



The /hort Line over the two Quantities 2 3 + 2 41 in the 
fecond and third Equations, fignifies they are both to the mul- 
tiplied into CD, otherwife there would be no Dillindlion whe- 
ther C D is to be multiplied into 2 a only, or ail the Quantities 
on that Side of the Equation* 

Now make an Equation between the two Values of C D 
found at the firft and fourth Equations. 



I .4 

6 X d 
y 2 n a a 
H + dxx 
9 — 2dS I? 

10 2 ff -t- 2d 

II Wi 2 



2bb'\-2aa — X 



nh — n a 
5— 



/ 
8 

9 

10 
II 



12 



2h + 2a 

d 

^dh h■\'^ d aa^dx x=^2n bb — 2 naa 
2 n a aJ\~2 dbh+2 da a^dxx— %nbb 
2 u a «-j-2 db b-^-rd a ttz=z2 nbb-^dxx 
Znaa-\-2da a— 2 nbb-\-d x x — % dbb 
= ^»^b + dxx—2dbb 
2 v - \- 2 d 

^ /inbb+dxx — 2dbb 



2 « 2^ 

WhenceBC=:3-ftf= 10.99 and AC = 3^ « =: 7.01 

QuefJIon 100. IntheFiJhPondhBQD, there is given the 

^'/'^^r^ '' ^S=35< CB=4o, a^^AB^jgj the 
Angle (It .\-\\ 3'>, / ^ Angle at B=z 6o% the Angle atQ- 100% 
and the Angle ot\yr=- %jo^ and the Ftjh Pond is to be furrounded 
%vhh an Area of 700, and every where of the fame Breadth. To 
find the Breadth of the Walk f 

Suppollng the Wallc to be drawn round the Pond as in the 
Figure, let fall the Perpendiculars A K, BL, BM, CN, CO, 
DP, OQ^and A I, hv which the Walk is divided into 
foui Parallcllograms AKLB, BMNC, COPD, DQJA, 

and 
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and into four Trapezia AIEK, BLFM, CNGO and 
DPHQj and the Area oi thefe four Parallellogratns and four 
Trapezia is equal to the given Area of the Walk. 



F M 



N G 



V'' : 

\ X 1 






c 




\ \a 






\ 1 j 
\ ? \ 



E I 



Let the Breadth of the Walk be tf, and the Sum of the Sides 
AD + DC+CB4'BA= 1431=^, then the Area of the 
iour Parallellograms will hcsssha. Let x = 700. 

Draw AE, BF, CG and DH, becaufe the Triangles 
AIE and AKE are equal, therefore the Angle AEK and 
A £ I are equal, knd each of thefe Angtes are equal to half the 
Ande at A which is 1130, hence the Angle AE 1 is 56^ : 30% 

Then in the Triangle A E f all the Angles are known, and 
confequently from plain Trigonometry, we can find the Racie 
•f the Sides EI andIA> for aflUming £ I to be C/wVj, or i, 
we have 

As the Sine of the Angle E A I 

Is to the Log. of the Side E I - 



$0 is the Sine of the Ande A £ I *- 

9 



To the Log. of the Side A I - • 



33^: 30' - 9-741^89 

1.0 - 
56^ ; 30' 



I.51 



- 0.000000 
» Q.qil 107 

9.921 107 

9.741 88q 
Hengj> 



28o 



j4 la G E S R ji* 



Hence we know that AI is to £1 ;)s 1.51 is (o i* 
Then let d= 1.51 and ^ = i. 



Hence d : e i : a : zzEly which being the Baie of the 

a 

Triangle EI A, 



Hence 



2X2 



sss the Area of th« 



ed ^ 4i ^ ea a 

^ a " ^ (Triangle E I A, and 
eaa 



sst the Area of the Trapezium 
^ (ElAK. 

Now ill the Trapezium B LF M, hecaufe the Angle B is 60S 
we have the Angle L F B = 30^ for the fame Reafons as before 5 
whence in the Triangle L F B» if we alTtime BL to hcUmtyy 
or J, we fliail find the proportional Number for FL to be 
1.73 hence as i is to 1.73 fo is BL to LF, let / = 1.73 



Then 
2 

5^2 



4 

5 

6 



(7 



f 



a 



X. 
e 2 



e 



# : y : ; <3 : ^ := L F 

€ 



z=, the Area of the 
2 * (Triangle B L f . 



r= the Area of the Trapezium 
^ (BLFM. 



Again, in the Trapezium C N GO, becaufe the Angle at C 
is lOO®, the Angle C G N is 50^ for the fame Reafon as before j 
and afluming I7w/y for N G, we fliall find 1.19 to be the pro- 
portional Number for N C, whence we know that C N and 
NG are as 1.19 is to x, let^ = 1.19 



Then 

Hence 
8X2 



8 
9 



^ : ^ : : : _ = N G, which being 
g 

the Bafe of the Triangle C N G, 

1^x1= — =^ the Area of the 
Z 1 'i^g (Triangle CNG, 

l-f-2.r=the Area of the I r pr-um 

(CNGO. 



g 



La%, in the Trapezium DPHQ,, becaufe the Angje D 
is 87% the Anglf DHP is 43^ : 30', for the fame Reafon as 

before j 
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before; and affuming Vnih Tor D P we (hall find 1.07 to b*' 
the proportional Number for P H, hence we know that as i\% 
to 1,07 fo is DP to PH, let $ = 1.07 



Then 



2 



II X 2 



10 



II 



12 



'3 



I 



^ : * : : a : ?i =: P A, then as before 
e 

?ix-i=— the Area of the TrU 
e 7. (angle DPH, hence 

f-li =: the Area of the Trapezium 
' (DPHQ- 
But it was before found that 
^ the Area of the four Parallello- 

(grams. 



Now co1Ie£fc the Area of the Trapezia and Parallelograms 
into one Sum, and make them equal to the given Area of the 
Walk, 



3+6+9+12+13 

fubflitute 
14. 15 

17 ^ □ 

18 uju 2 



19 

2p 



14 

16 

17 

18 

20 



t a a 



+ 



— ^ H + ' — 



'\' h a 



d t g 

=: ;r = 700 

>> = 4 + £ + i- + JL, the Co. 

a e g e 
efficients oi aa-zi 4*302 
paa h a •=. X 

+ b a X 
— =; — 

P P 

^^i^tf, bh h b , X 
aa^ 1 = 1- — 

p j^ pp ^pp p 

^xb_ fbb , X 
^ + — = \/ 

+ — • — 4-35 

\PP P 
the Breadth of the Walk. 

Becaufe the Angles and Sides of the Fifh Pond are given, 
the Figure may be drawn 5 but for the Eafe of the Numerical 
Calculation I have chofe fuch Numbers, as will not exadl/ 
agree with a Geometrical Figure. 

Quefllon loi. In the right-angled Triangle k^C^ given the 
FirmiUr or Sum of the Sides AC 4. C B + A B = 24, and the 

O o Perpendicular 
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Perpendicular CD 4.75 let fall from the Right -angle at C. 
upon the Hypothenufe A B. To fini tie Sides of the "Triangle ? 

B LctCD = ^ = 4 75 AB+BC 
-|-C A = A* =3 24, A Bzr tf, then the 
Sum of two of the $ides> or AC 
+ C B = jr — and as at Quc- 
ftion 98 let y ^ the DMference of 
the fame two Sides AC and CB* 
And becaufe the greater Number or 
p Leg is equal to the Sum and Dif- 
ftrence of the two Numbers or Legs 
divided by 2, as in the Jaft Queftion, 

therefore A C the greater Leg = iZlLiZ, and B C the ieiler 

2 

Havin<y Expre/Tions for A B, B C, and A C, the thice S:c^e^ 
of the Triangle ABC, m which there are t/.u uriknown Quau- 
tities a and wc muft raife two Equations from the Properties 
of the Fieuro, and becaufe the Triangies ABC, BCD arc 
fimdar, therefore by 




4.^.6 
In Symbols 

whence 

that is 



T 

2 



AB:BC:: AC:CD 



2 



hy 47 . / . I 



ah- 



4 



And bfcaufe the Triangle ACB is 

right-anglcd> 
X . ^ 2xa — 2xy-^2ay ^a a-jryy 



+ 



XX — 2Jf<?+2Jry-^2<ary-|-tf<r+jy 



:=:eia 



5 contra<3cd. I 6 



tx X — 4.x a 4- 2 a a-}- 2yy ^ ^ 



Hence the two Fquattons which contaifi the Qiiefiion are the 
fourth and fixth, a d as y is only to the Square in each of them, 
find in both d^e ue of yy* But the ^ixth Equation becomes 

J I XX 
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4x4 
10 j: II 

9 . II 

12 — a a 

144-2*'^ 
|6 -r-4;ir + 4^ 



7x2*8 
8+ 9 

i C' 

1 1 
1 2 

i3 

H 

15 
16 



17 



9 uju 2 


18 


{hence 


19 


and 


20 



xx^2xa^aa^yy^2aa 
yy'^' aa 2xa-^xx 

b z=z X X — 2X0-^00 — yy 
y y — XX — 2xa-\'aa'—'/^ai 
aa-\-ixa — xx ^ xx — 2Aftf+<l<7— 4*^ 

2 <i — X x-rzx X - — 2 X a — ^ab 
2 X a X X X X — 2 X a 

^ X a b — X X X X 

^ X 0 j^a b =^ 2 XX 

=io = AB. 



2 XX 

a = 



^X-\-^b 2a -}- 2/* 

Now a beino; found, therefore 
y ssy/ aa 2xa — xx =z 2» 

AC = llZl±2 = 8. 

2 

2 



Qiieftion 102. In the rtgbt -angled Triangle ABC» given thi 
Hypothenufe AB — : 10, and the Sum of the Sides and Perpendi^ 
cularCDy th^t AC + CB + CDz: 18,75 
A C W B C ? m hft Figure. 

Let A 6 = ^=10, 18 75 QD-a^ thenAC + CB 
xrzx^ay now putjr r=:the Difference between the Legs AC 
and C B, then as in the two laft Queftions AC, or the greater 



L 



is t lir^j and the lefler Leg, or C i> 



a 



Having exprefled the Sides of the Triangle A B C in Symbols, 
in which there are two unicnoin^n Quantities a and jp, we muft 
raife two £<] nations from the Properties of the Figure, and 
becaufe ABC is a right-angled Triangle, therefore 

XX — 2xa^'2xy — 2ay -{-aa'^yy 



by 47 ♦ ^ ♦ I j I 



1 



^ XX — 2xa — 2 xy ^ 2ay +aa 4-yy ^ 



O O 2 
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The two Triangles AB C and C 6 D being fimilar^ therefore 



by 4 . ^ . 6 



I con traded 
4 contradedj 



2 

3 



5 
6 



AB : AC : : CB : CD, that is in Symbols, 



a AT — i7 — y ^ 



4 

Hence the Queftion is contained in the 
firft and fourth Equations. 

2 

4 



Now in both thefe Equations find the Value of y y, there 
being no other Power of y. 

jf AT — 2 + a a-\-yy ^2hh 
yyss2bh — aa-}- 2xa — xx 

a =:xx — 2xa-\- aa^yy 
yyz^xx — 2x a'\- aa — a 
XX — 2xa-\-€ta — /^ba ^2bb — a a 

+ 2xa — XX 
jf jr — 2Jiftf+2tf^— 4^tf=: 2bb'\-2xa 

^ XX 

— lxa-^2aa — ^ba—2bb''\-2xa — 2xx 
zaO'^^xa — ^ba^2bb — 2X)f 

a a — 1 X a — 1 baziz bh — x x 
Becaufe x x\s greater than bby there- 
fore the Equation is ambiguous^ * 
— s — — 2x — 2b — — 57.5 
a a — z a ^ b b — xx 

— z=: bb — xxA" — 
4 4 



5x2 


7 


7± 


8 


6x4 


9 


9 i 


10 


8 . 10 

• 


II 




12 


12 — X X 


13 


13 — 2x a 


J4 


14 -T- 2 


15 


fubriitiite 


16 


then 




17 ^ 0 


18 


iS m 2 


i9 


19 + — 
2 


20 


by the lOih Step 


21 



2! 

^7 — — = bb 
2 



Jf * -J- — 
4 



rc=-+v/^^ — jfj*r + " = 4.78 
^ ^ (or 52.72 

y =^ y/.vjf — 2 .va + ^Ji? — 4 

Then 
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Then A C = - 7^98 and CB 6. 



In the above Equation where ^=4,78 or 52.72 the VaJue 
a muft be 4.78 for it cannot be 52.72 as the Sum of the 
three Quantities is only 18.75. 

Queflion 103. In the right-angled Triangle ABC, there is 
given the Sum of the Sides A C + B C = 1 4, and the Perpendi- 
eular CD = 4.75 To find the Sides of the Triangle f See 
Figure, Queftion loi. 

Let AC + BC = J«"=I45 AC — BC = v the Difference 
of the Sides, then, as in the preceding Queilioiis, the greater 

Side or AC =f-±^, and the lefle'* Side or BC r= 



1 



Put A B = and D C = ^ c= 4.75 

. Having exprefled all the Sides of the Triangle ABC in 
Symbols, amongft which two arc unknown, viz, a and we 
muft raife two Equations from the Figure, then bccaufe the 
Triangle A B C is right-angled, therefore 



by 47 « ^ • I 
that is 



by 4 • f • 6 

in Symbols 



4*- 



3 
4 



7.xy^yy 



a a 



tl±Il-aa 

2 

Becaufe the Triangles ABC and CBO 

arc fimilar, 
AB: AC::CB:CD 



2 2 

4 

Hence the Queftion is contained in the fecond and fifth Efqua- 
tions, and becaufe there are no other Powers ofy but in either 
of ihoie two Equations, find the Value of in both Equations, 



2x2 

5x4 
S-i-yy 



6 I jr + yy ^ 2 aa 



7 
8 

9 



y y 2 a a — x X 

^If a = X X — 'yy 
yy-^^DU^XX 



9 — 
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9 — 4 ^ <7 


10 




7 . 10 


11 


1 a a — xx'^xx-'-'^hA 


1 1 '^*' 


I 2 


'} 0. a -J— A h A *i ^ V 


J2 -r- 2 


V 












15 






16 


a^^xx-^-bbx — btz\0.o% or 
negle^^ing; the Frai^ion A B =: 10. 


7 LUJ 2 


17 





Then A C = t±l = 8, and B C = till 6. 

% 2 

27;^ fame ^ajiion done In another Manner. 

Let AC + BC = ^= 14, AC = /7, then BC ~ ii; — 
CD=s^ = 4 75 and becaufe the Triangle A B C is right* 

angled, therefore A B x^2x a laa.^ 

Here we have Expreffions for all the Sides of the Triangle, 
with only one unknown Quantity, and therefore one Equation 
will he fufHcient. And as the Triangles A B C and C B D are 
iiniilar, therefore 

by4.^.6* I A B : AC : : CB ; CD 

2 r — 2 xa'^2aa:a : : x^a :b 

3 b^xx '-^ 2xa + 2aa = xa — aa 

Square both Sides of the Equation^ the unknown Quantity 
being under the radical Sign. 

3 2 4 bb X X — 2 b b x a -^^ 1 h b a d :zL X X a a 

— 7. X a a a o a a a 
Riingino; the Equation according to (.he 
Povveis of the unknown Quantity, 
4i 5 oaaa — z x a a a 'r\' x x a a^2,b ba a 
-\- 2 b b xa — bbx X 

Tho' the Equation here appears as if aifeCfed^ yet it may be 
refolved by compkailng the fqmre^ as in Qiiadratlcs. 

And to give the Learner a clear Idea how this is done, if he 
fquares any three Quantities m — n — z> in the Square he 
W JJ find fix Terms, mm ^--nn-^-zz-r-z mn^%mx^2n%y 

three 



in Symbols 
2 
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three being pure Powers of the Qi,iantiues fquared, and the 
other three will he double Rectangles, or Produds of thefe 
Qi entities, and therefore any ExprefTion that comes under thefe 
Circumftances, may have its fquare Root extraded. 

Now aa a a is the Square of - • , 
And X X a a is the Square of - - . ^ 

And ^xaaa is the double Reaangle, or Produa of thefe Root*. 
And ihhaa is the double Reaangle, or Produa of x aa. 
And 2 ^ ^ X is the double Redangle, or Prod ud of ^ ^ x 

^ From hence it appears that the above Equation of £ve Qiian- 
tities has two of them, tftf^^and xxaa^ whofe fquare Roors 
may be taken, and that the other three Quantities air doubJc 
Reaangles of thofe two Roots, a a and x and a third Quan- 
tity therefore multiply this Quantity hb by itfeJf, and add 
the Produa h b^b b to both Sides of the Equation, which makes 
it a compleat Square, thus, 

aaaa — ixuaa -f- xxaa — 2hbaa -j- zbbxa 
+ bbbb = bbbbJ^-bbxx 

s/TbbT^bbVi 





6 




7 


^ \bb 


8 


Zc a 






10 


JO -i 

2 


XI 



aa 



xa 



1 1 ~ 



':=,b^ bb + XX 

a a' — ieaz^bb'{-b^tib'^xx 

aa^xa+i^-^JL+bh -^h^T^Tx 
4 4 



4* 

n 18.9 ^ A C, a difFcrent Value 
of what it had betbrcj, for then it 
wai» only 8. 

To explain this to the Learner, if he extrads the Square Root 

oftffl — ^xa'\-xxy he will iir.d it to be — x^ ot x <?, 

the double Redangle, "uiz. z ax having the Sign — we are fure 
cither a, or rauft be negative ; but in this Cafe we are to de- 
termine which is to be nfgative by the Conff quciices that follow, 

for if there follow; an Impcflibility in luppofing a ;r to be the 

Root, then the Root muft be x — a. 

To apply this to the Square before us at the fixth Step, viz, 
aaaa — 2xaiia-fxxaa'^Zbbaa'{-j>bbxa'-^bbbb, 

3 Now 
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Now the (quare Root of <7«tf is • - €a 
And the fquare Root o( xxaaiz • xa 
And the fquare Root of^^^^ia - . bb 

But as 2;ir^aa the double Re£(angle, or Frodu(S^ o( aa%xa 
has the Sign — , therefore it muft be in the fquare Root either 
a a — xa^ orxa — a a; but as an Impoffibility attends putting 
it a a — xa, we now put it xa — a ay and to determine what 
Sign b b muft have in the Root, now the double Product 2 bbaa 
having the Sign — , therefore it muft be ^ b b or bby as 
2bb)i — a a produces — zbbaa^ then taking the 

aaaa — 2xaaa'\'xxaa'^ibbaa 
+ 2bbxa+bbbb—bbbb-[-bbxx 



iixth Equation 

y m 2 



7 

8 



S aa 

0 — xa 

10 — b^bb-^xx 



9 

10 
11 



xa-^aa^hh-^^di/^if-f-i/i/ 

Becaul'c a a is negative tranfpofe it, 
aa + b^bb-^xx^xa + bb 
a a — xa^b^bb + xxr=:bb 
a a — xa zz.bb—b^bb -|- xx- 



XX 



Here the Equation appears quadratiCyZnd becaufe — b^bh-^x x 
is greater than b b, it is Xx^ne^'ik ambiguous. 



IK U 



12 UM 2 



>3 + 



12 



13 



14 



aa-^xa-]^^ = ~-}- bb — b^^bb-^-xx 
4 4 



4 



2 

X 



b^bb-^xx 



/xx 



<i= — ^ ^bb — b^bb-^xx 
2 4 
zz 7 + i.ii r=8.ii or 5.89 zz AC 



Queftion 1 04, In the right-angled Triangle ABC, there is 
given the Sum of the Legs A C -j- B C 14, and the Sum of the 
Hypothenufe and Perpendicular A B -|- C D =z 14.75 To find 
the Sides of the Triangle f See Figure, Queilion 101. 

Let AC+BC = i4r=A-, AB+CD=: 14.75=:^, AC=:<7, 
AB=>, thenBCrzA- — a^ andCDs^^— > 

Having now exprefled the Sides of the Triangle in Symbols, 
in which there are two that are unknown, therefore raife two 
Equations from the Properties of the Figure. 

And 
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And becaufe the Triangle ABC is right-angled, therefore by 

And becaufe the Triangles ABC and CBDarc fimilar, 
therefore by 



4^.6 
in Symbols 

3- 



2 

3 
4 



AB: AC::BC:CD 
y : <? : : x^a : h — y 

h y — yy xa — a a 



Now both the unknown Quantities being to the firft and 
fecond Power, in the fourth Equation, and it being y only in 
the iirft Equation, and thefc two Equations containing the Con- 
ditions of /he Queftion, find the Value ofyy in each Equation. 

yy = ^y-|-tftf — xa 
by '{-a a — xa7zxx'^%xa-\'2aa 
by — xarrzxx — ixa-}- aa 
by:=:xx'^xa'\'aa 



4± 
1 • 5 

8—5 



5 

6 

7 
8 



j-^ 



Ivaiic this Equation to the fecond Power, and make it n to 
the liril Equation, as there it is only v v ; wherens in the fourth 
Equation, if we were to exterminate^, we mult ufe the Values 
of y and y y. 



9(^-2 
I • 10 

II Xhb 



10 



II 



12 



yy 



_ xxxx — iaxxx'\-'iaa\x — laaax-^- aaxx-^aaaa 



bb 



xxxx — 2axxx -4- 2aaxx — laaax -f- aaxx-^-aaaa 

jf — 2 xa 2 aa 
xxxx — 2axxx-\- 2 aaxx — 2aaax^aaxx^aa(ia 
zzL xxbb — 2bb xa '\'2b baa 



TranfpoHng and ranging the Equation, according to the 
liigheft Dimeniions of the unknown Quantity, 



12 ~f- 



13 I a a a a — ix a a a a x x — 2bbaaJ(^aaxx 
— zaxxx-^ ibbxa-^- xxxx^xx b b •= o 



Tho' the Equation now appears to be adjc^cdy yet the fquare 
Root mav be conipleated, as in the I.ill. 

To (h )\v' the Learner how this is to be done, if he fquares any 
four C<iuaiUiUcs, Li^e ivout of the above Equation wUiconfift 
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of ib many QiiantUies-) he will find ten'^erms in the S(]U3re, 
fo\ir of which are puie Powers of the Quantities that were 
fquared, and the othtrr fix will be double Re<Slang!cs of thofc 
Quantities^ of which each particular Root will coiUtitute a Part 
of three of the Redangles, 

Now in the above Equation aaaa^aaxx^xxxx^ 
Are the Squares of - - a a x^ x Xy 
And the Qiiantitics - - %xaaay%aaxXyQ.axxXy 
are the double Rectangles of thofe Parts^ or Roots. 

And by examining ihhasy 7,bhxa^ xxbby the remaining 
TTcrms in the above Equation^ the firft two are double Rec» 
tangles of bh %aa and bb% axy but the laft Term is only a 
isngle Re^angle of hb x xxy therefore to compleat the Square 
there wants — x xb which when added to — xx b by will 
make that a double Rectangle of bb x x Xy and as we have no 
pure Power of b by which being fquared is ^ ^ ^ hence if we 
add '^bb X X '\- bbb b to our Equation, we ihail make it a 
Square, therefore 

14 aaaa — ixaaa -f- — ^hhaa -j- aaxx 
'—7.axxx-\-ihhxa'\'Xxxx — %xxbb 
'^bbbb^zbbbb — xb b 

Before we proceed, perhaps the Learner might have obferved 
that * X b b is the Square of xby and therefore might fuppofe 
that to be one of the Roots, but then he will find ^ to make 
a l^Jit only of two of the Redtangles, whereas, if it had been 
one of the Roots^ it would have made a Part of three of the 
Re£ianG:les. Bcfidcs, \i xb had been one of the Roots, it muft 
have had the Sign -|- in the Square, by Art. 34. 



14 2 i 15 



a a — a xAr^ x — b b = ^b b b b — x xkb 

— b b — XX 

The Manner nf extracting the Root is thus, I firfl extract" the 
fquare Root of aaaa, which \s a then the Iquare Root of 
aax'x \ the licxc pure Power is ax^ and to determine whether 
a X mull have the Sign + or—, obferve the Sign of the double 
Rc<3:angle of thefe two Roots, v/z. of i x a a which becaufie 
it is — , 1 therefore in the Root make it — a». 

The next pure Power is x x x Xy whofe Root is x Xy then 
obferve the Sign of the double Re«5tangle of this and one of 
the :wo former Root?, as of 7,aa x Xy which being 
Root a a bting -4-, therefore in the Root make it -I- *• 

The 
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The Uil pure Power is h^hh^ whofe Root is h then obferve 
the Sign of the double Re^angle of this and one of the former 
Roots, as the laft Root x Xy but the double Redangle of thefe is 
Zxxbby which being negative^ and the Sign xx being -(-> 
therefore place the Sign — before b b. 



15 + ^^ 

i6'^xx 



x8 UM 2 



•9 + 4 

2 



16 

I? 
18 



19 



20 



aa^4tX'\'X X zzbb'^-by /bb — xx 
aa-^a X ^ bb — x x ■\-b ^ bb — xx 

a a — a x-A- ^—zz b b — ^JiJL 4- 

4 4 

byVbb — xx^ for — ^xx^^ .r. ■ 

4 4^ 



a^^L-^z^/ bb — AlZ-^b y/bb'^xx 
2 4 

2 4 

= 18.79:= AC, which Is impolTible, for A C + B C = 14 by 
the Queftion, confequently A C cannot be 18.79 

This irnpoffibic Cnnclufion is owing to talcing the Root of the 
Equation at the htteenth Step, for as — ^^x — produces 
aaaoy as well a^^ .7 .7 x an, therefore in the Extradlion of fuch 
Roots, it is doubtful whether the Root is — a era*, let ui 
now make a new Extradion, and luppole it to be — a a. 



X41W 2 



21 



— aa-^-ax — xx-^-hh-^. \/bl bb — ^cxdo 
= b^bb — XX 

Having fuppofcd the Root a a a a xV^ firft pure Power 
to be — aoy I go to the next pure Power, which is aaxx, 
whofe Root 18 42 X ; but to determine its Sign, obferve the Sign 
of the double Re^angle of thefe two Roots, vi%. o( laaax^ 
which being—, I therefore make k + a x^ as — into + 
produces — . 

The next pure Power is x x x x^ wh^fe Root is x x^ then 
obferve the Sign of the double Reaangle of this, and either of 
the two former Roots, as of ax^ now the Sign of 2 ^ at is — , 
therefore in the Root make It — xx^ for + ax\ x x produces 
— ax XX, 

The laft pure Power \%bbbb^ whofe Root is b and obferve 
the Sign of the double Reaangle of this, and either of the other 
Roots, at fuppofc the laft, the double Rcdangle of thefe two 
• P p 2 Roots 
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Roots \%rhh xxy which being—, therefore make it + ^ ^, sis 
'^x X xbb gives ^xxbk* 
NQurtianfpofe tf<ar. It h^gnegativf* 



21 + aa 

21 — by/hb — XX 
23 — Jjp 



22 

23 
24 



aa^ax^bb'^xx—b^hb'-xx 



H ere the E quation is quadratic^ and becaufe —xx<^ 
by/ hb — XX 'i& greater than b by it is therefore ambiguous. 



2n wj 2 



^6+ - 

2 



^5 



26 I tf— i£f-.^^i^^~ 
^ 4 



27 



* 4 



=: 14 
AT = 14 



56 
14 

X X ^ 196 



^ = 14-75 
^ = 14-75 

7375 
10325 

5900 
H75 

217.5625 
- 196 



^bb 



21.5625 = (4.64 zz ^ bb^xx 
16 



86) 556 

516 



924; 4025 
3696 



329 



U-75 
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4.64 = y/kb^XX 3 



5900 4) 588= 3 AT 4f 

8850 • 

5900 J . . _ 3f5 
4 



68.4400 kh'-^xx 
4 



215.44 zz.h^bh^xx-^'VLl 

4 

117.5625 r: 
^215,44 ^J^'-hs/Tb^x 



2,1225 {1.46 ncartft zzs/bh— ^ 



I 



24) I 12 



) 1625 










2 


i ^'46 




8.46 





XX 



Of 5.54 ^ <3 = A C. 

But if 41 s 846 then by the nimh Step y s ^''r'/^ + »* 

=: 8.46 
;r 14. 

3384 

M 

8.46 
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8.46 = a 
8.46 r: a 



5076 

3384 

6768 



71,57x6 r=i aa 
196 



267.5716 ^aa-^-xx 
— 1 1 8.44 := — ax 



h =1 14*75) I49«i3i6 (lo.xi = =: A 6. 
J475 
1631 

1475 



1566 
1475 



9* 

Becaufe 17 =s A C =s 8.46 therefore UCs:^x^azz 5.54. 

That thefe are the three Sides of a right-angled Triangle may 
be tried^ by fquaring and adding them> to fee if they agree with 
the Property of the Figure* 

5.54 10.11 8.46 

5.54 10.11 8.46 



2216 ion 5076 

2770 loii 3384 

2770 loiio 6768 



30.6916 102.2121 7^-571^ 

7i,57i6 



102.^632 
102.2121 



.0511 the Difference which arifes from the Inaccuracy 
of the Fraflions. 

But if the lajl Procefi h tOQ perflfjdn^^ tbe famt ^eftion may 
ht done othtrvjije^ tbus^ 

Let 
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Let A C + B C n 14 =s and <j r= the Difference between 
AC and B whence, as in the former Queftions, the greater 

Leg or A C = and the leiTer Leg B C = iTlf . 

2 2 
Again, put AB + C D = 14.75 = ^> the Difference be- 
tween ABandCD=jrt then for the Reafons already meii« 

tioned AB=:iii!, andCD = iz2. 

2 2 

Now becaufe the Triangle A C B is right-angled. 



by 47 



I 



X X -[- ? ,y a -\- aa .X X — 1 x n 
r T" ■ ■ 

4 4 



_ ^hj\^lby 4-yy 
4 

Becaufe the Triangles ACB and BCD are fimilar, thcrcfoitf 



by 4 <r . 6 
in Symbols 

3 V 

from the iirit 



2 

3 

4 
5 



AB:AC::BC:CD 

2 2 2 2 

— yy xx-^a J J 

■■■ ■ = ■ or Z'Z' — yy^xx — aa 

4 4 
jK-jf + tf^i bh-\' 2hy +yy 

2 ^ " 



The Qaeftton being contained in the fourth and fifth Equa- 
tions, and there bcino; nc other Powers of a but <; a iii both thofc 
Equations, extcrnuuaic lUat unknown Quantiiy. 



5x4 
7 2 A- A* 

6 . 9 

10 Y2 
II— yy 
12+2^^ 
13 — 2 XX 
l^^lby 

I 



7 
8 



10 

II 

12 

'3 
^5 



aa:zixx -^yy — hh 

2 v .V -J- 7,^7^= ^ ^ -J- 2 ^ y y y 

2«tf:z:^^ + 2^y4-yy — 2jr;r 
bb'i^lby + » — 2 4^ 4r 

2 



A* A'-j-yy 



2Jrjr-(-2yy — 2^^ = 3^+2^y4"J!X— ^Jr^ 
2xx'\-yy — 2^^=^^+2 by — 2;*-* 
2*A--f-yy — ^bb '\'2by — %xx 

jfyz^^bb^-zby — ^xx 

yy— .2^y = 3^^— 4Jf* 

Here 
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Here the Equation is ^uadraticy and fincc — 4 ;if jif is greater 
than 3 ^ ^ it is ambiguous. 



15^ □ 


16 


yy — 2by + bb:=zhb+shh — 4;^* 






= 4 A ^ • — 4 - v 


16 utf 2 


17 


y — bs=^4bi> — ^xxss2\/bb — xx 




iS 


y — h±2 y^b b — xx-=L I4.75 + 9*3 






^ 24.05 or 5,45 



But_y cannot be 24.05 for the Sum of the Legs is onlj 14 75 
therefore^ — 5 45 

then by Step 6th | K^Xazz^xx-^yy-^bb^ 2.85 

Then AB= lo.i ACzz-'-t^ = 8.42 BC=: 

2 2 

■y ^^^^ 

=5.57 which three Numbers nearly agree with the 

2 

Prnprrtv of the ri^ht- angled Triangle, but not exai^Iy^ becaufc 

oi the Impcirtchun of the tractions. 

The Rcac'er may obferve, that in Teveral of the Geometrical 
Quellions, after Letters are put tor one or more of the unknown 
Qiiantities, we then get ExprefTions for the other Parts of the 
Figure from it? Properties, and therefore avoid ufing a greater 
Number of unknown Quantities, and in general the Solution of 
Qtieftions are more neat and elegantj the fewer unkaown Quan- 
ttttes are ufed in the Work. 



7/5^ Method of refolving ^ef io?tSy which 
co7itain four Equations^ and four un- 
known Quantities* 

72.'\yCT'HEN the Qticftlon contains four Equations, and 
V V ^^^^^ unknown Quantities in each Equation ; 

iind the Value of one of the unknown Quantities in one of the 
given Equations, and for that unknown Quantity in the other 
three Equations write xhh V<i)ue of it, which then reduces the 
QuelUon to three Equations, and three unknown Quantities. 

Then 



it. 

1 
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Then find the Value of one of thefc three unknown Quan- 
tities in one of thefe three Equations, and for that unknowa 
Quantity in the other two Jtquations write this Value of itf 
which reduces the Queilion to two Equations, and two un- 
known Quantities. 

Then find the Value of one of the unknown Quantities hx 
each of thefe two Equations, and making thefe Equations equal 
to one another, we fhall have an Equation with only one 
unknown Quantity, which being reduced^ wiii ai^wer the 
Queftiofl. 

Queftion IC5. A Father gave iooqI. t9 his fiur Sans 
A, B, C, D. 

If A*s Shan was added to twite BV Sharey from which Sum 
fuhJiraSiing twice and D** Shares^ there remains 650 
Pounds : 

And if from A'l Share there is fuhflraded three times BV 
Share^ to the Remainder adding twice C*s Share, from which 
Sum fuhftraiiing five times DV Share^ there remains 400 Pounds : 

But if to A*i ^hare there is added four times BV Share, from 
which Sum fubfhaSiing three times CV Share, and to the Remainder 
adding fx times D*i Share, the Sum is 1150 Pounds^ How much 
had each Sen ? 

Let A's Share, r rz B's Sha^-c, C's Share, u =: D'% 
SbarC} s iooo> m = 650, n s ^00, b := 1x50* 



frotn the firfi 
5-4 



I 

^ 

3 
4 

5 
6 

7 
S 



+ 2;r— 2 iistOT ^ By the 



a 
a 



-^Ze^^y ^ $u^n fQueftion. 



fl^f — «— *y — / 



Here the Queftion i& reduced tu ihree Equations, and three 
unknowa Quantities. 



from the (ixth 



9 
10 

II 



e = OT + 3«+ 3jf — i 
s — 4 m — I aii-^ 1 2X-I-4/4-J? — 6tf IT n 

^ + 3«» + 9«+ 9J"— 3^ — 4>+5« =^ 

Here the Q jcMlion is reduced to two Equations, and tWo 
unknown Quantities. 

Q^q 10 con- 
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I Z 


XI contra^d 




Rvixi tne twciitn 


'4 


fromthethirtecnth 


»5 




16 


16 X 


17 


17 ± 


18 


19 -r-64 


'9 


men Dy otep ijtn 


20 


aiKl by Step 9th 


21 


and by Step 5th 


22 



X G B 5 JJ^. 

^ = ^ + 2 J-^3CT — i4j< 

3^~-f4 ^ _ 5 --^4ffl^i8if*^li 

5 IX 
I X *4-22* +33W — 1 54 «= 25/-^ 2.0 //J 

64k=: ix^— - 3f — i3///_j-^a 

64 the Share of D. 
^^^ + 21^3^^ ^ j^^, 

5 the Share of C. 
'=w+3« i= 1 00, the Share of B. 
n^^u-^y^^zzyso, the Shar^ of A. 

Asd in the fame Manner may any other Queflion in the like 
Circumftances be anfwered« 

I fhaJI now add a few Queftions of a different Nature, and 
fuch as are generally firft propofed to Learners, but as they 
require a little more Sagacity to exprefs their Conditions, have 
hitherto been avoided, imagining the Learner is more per- 
plejced to exprefs, or find out the Equations refulting from fuch 
Queftions, than to refolve the Equations ; and therefore they 
lircre thought not fo proper at the Bfeginning of this Work* 

Qcieftion 10^. J Perfm bought two Horfa A wd B, wbuk 
imtb theTrappin^s coj} iQo Pounds: 

Now if the Trappings were hid on the Horfe A, loth Horfes 
were of equal Value : ■ ' 

But if the Trappings he laid on the Horfe B, he will he double 
thi Valne of the Horfe A. How much did each Horfe cofi f 

Let h = ICO, a = the Value of the Horre B and Trappiuffs* 
tht n ^— = the Value of the H^rlc A. rr & > 

^ Now becaufe the Horfe B and Trappings arc double the 
V^iuc of the Horfe A^ 
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hence 



I 



«99 

0 = 2 i( — 2 by the Qiieftion* 

2-^3 1 3 ?H2.a5 66 i- Pounds, the 

3 3 3 

Price of the Horfc B and Trappings, ConfequenUy lOO 66 ^ 

3 

K JS ^ Pounds, the Price of the HoHe A* 
ft 3 

But to find what the Trappings coft, and by that Means to 
find the Price of the Horfe B, Ict_y the Price of the Trappings. 

Now the Trappings taken from the Horle B, and laid upoa 
tilt Heife A» both Horfes being then of equal Value, 



therefore 
I 

*-33^ 



3 
4 



33 — + ^ = 66?.~> 
3 3 

3 3 

jrssi6-^ Pounds^ the Price of the 



3 (Trappings* 
Confequently 33 i. + ^ = 50 Pounds* Ihe Price of the 

HoffeB. ' ^ 

Queftion 107. Labourer in 40 /A^^'^yf; Labour fav^rl 28 
Crown: — f^^ P^;' ^ f^r*/ Wteks^ md found be had fpent 36 
Crowns rjS>^ Pjy ^ eleven fFitit, How nu^ih did U rUeiV4 



Let a — his weekly Pay. 

Then he had faved Crowns 
And fpent Crowns 



36 -J- 1 1 <j 



64 4> 8 

And as the Sum of thefe two muil be equal to what he re- 
ceived for his forty Weeks Labour, 



therefore 
2-1.32 



1 

2 



40 =644- 8 
32 = 64 

Crowns, his weekly Pay. 
Q^q 2 Qujftioil 
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Qucftion I08. A Savant zvas hired for 12 Monthsy for ivhich 
ifewas U have 24 Pmnds with a Cloak ; when he had jerved 8 
^jnm he has Leave to go away, and injiead of bis Wages reuivis 
a Cloak and 13 Pounds. How much did the Cloak coft f 

Let i» 5= the Price of the Cloak, ^ = 12, J = 24. mz=: 8, 

Now dJ^a\% what he did receive for fcrving eight Months, 
And as the Pay for eight Months was proportional to what 
he was to receive for twelve Months, therefore, 

d -^^ d \ h \ \ X -\- a \ m 
When any four Quantities, or Nun^ 
ber9, are in Geometrical Propor*- 

tion, the Produd of the Extreams 

and Mean*? are equal, 
m d •\- ma — h X '\- b a 
b — m a :=L m — b X 



therefore 



1 
3 

4 



. md^bx 



ss 9 Poonds, the Pn cc 
^ of the CJoak. 



Quellion J09. 7%iri is a Footman A, who goes 6 Afiles a 
Dayy and 8 Days after B follows him and goes 10 Miles a Day, 
In how many Day% will B overtake A ? 

Let^ =^ 6, =: 8, mzzio^ « = the Number of Days B 
travels to Overtake A, then as A begun to walk eight Days 
before B, 

H<yice the Number of Days tliat A travels, is 
And the Number of MiJcs A travels, is 
And the Number of Miles B travels, is 



- d + a 
id^ba 
ma 



But when B overtakes A, they mud have travelled, ait equal 
Number of Miles. 

mazzbd^ ha 
ma'^ba zz b d 

a =1 Jt£^zz 12, the Number of Dais 

required, or the Time in which B 
will overtake A. 

Queilioji 



Therefore I i 
I — ba \ 2 

% '-r m^b 
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Qifcftion 110. 1/ a Scribs can in 8 Days wriii- 15 Skf<ts, 
Hm many fud) Scribts can wriu 405 Sht4ts in 9 Days f 



Let J = the Number of Scribes^ d:z, 15* m = 405, 

ifidiin: — the umber of Sheets the 

Scribe can write in nine Days* 

I ::m = the Number of Scribes 
b dn 



Then 



and 



hence 



2 



to write the 405 Sheets in nine Dayt* 



the Number 



— — — > — J- Oft Liic i^^umocr 

dn 1 35 (of Scribes required. 

Qucftion III. Kcand9a PUce fFork •na in 3 Wctks^ B 
ean do it thre$ timts in 8 ^efks^ and C can do it fiv$ titms in 
11 Wcch^ In how long Time can they do it jointly ? 

Let a — the Timf required, i =: r, ^ = 3, ^ r= g, 1,5=85^ 
mzz I2f the Number 3 occurring twice, I put oniy ^for it* 

Then i dik iia tha Part of the Work 

that can be done by A lii the Time 
fought. 

and % i': the Part of thcWork 

that can be done by B in the Time 
fought. 

and 3 m:n::a: — the Part, of the Work 

m 

that can be done by C in the Time 
fought. 

And as thcfe three Parts arc tQ be equal to or one Work, 



therefore 

whence 



4 
5 



d g m 



am 



d g ffi 3 ' S 12 

by 



3©2 
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by KdiiciiigtheFraak>Mi.4. 1 + 1 to • CMnnon Deno- 
minator, «nd adding and abbceviatuw tbeoi, we fliall find 

I S 

Whence fl = = ^ of t Week, by ttie Rule for Divifion 
^ (ot Vulgar Fraiiionf. 

If the Week confi^ of 6 Days 

8 

45 



And the Days cor M pf 12 Ho urs 

9> 36 (4 Hours, that Is, they wH! pef<^ 
36 form the Work in five Days 
four Hours. 



Or the Equation if + £f + If — i, may be reduced thus ^ 

g g 



4. X d 
7 X m 

8-T- 



7 

8 

9 



, , d d a dn a , 

m 

mg-ba -|- »2 J<^^ g dn a 



47 = 



mgb 7ndd g dn 

r= — of a Week as above. 
9 



mg a 



^3, Having in this eafy familiar Manner, by genern! nnd 
wnivcrfal Rules, cxj lained to rhe Lrarner the Elcmrnts of this 
celebrated Science, it may not be irnproper to raiie his Curiofity, 
and animate him to excrc ft- his Judgment in the Choice of 
Qi^iant'ties for the Solution of the fame Qucfi-iofi, to give atv 
InOance how much the Solution of Queftions becomes more neat 
anc': t^lecant, by a judicious Choice of reprefenting the unknown 
■Qu^nticies. The (luefiion and its Solution iS from the ingenious 
Mr. John Wakd'^ TQung Mathematiaan i Gmdi, 

Qucfiion 



I 

3 



Cf jQhing.Equatknsy &c. 3.0 J 

Queilioo 111* A Men playing ^ Hazard^ Due, won the 
fir ft Thrmjtift fo mut^h Mmey as he had tn hh Packet ; the feeand 
Throw he w$n the fquare Root of what he then hady and Jhi 
Shillings more ; ihe third Throw he rvon the Square of all he then 
had\ after v^^uh h'- ivhde Sum wa^ 11% i, ^6», od. IVhat 
Money had he when he began io play?, 

a his firft Sum. 
2 4 his Sum ^fter the firil Tbrovir. 
y/ a tf : 4- 5 =^ Winnings at the 
fecoiid Tnrpvf « . . 

y/ 2 : -|- 2 <i -f 5 Sum after 
the fecond T&iow. 

+ 20 4- 25 = his Winnings at 
the third Throw. 

2441 + 44^/2 (9 + l^y/l$'\'^aa 
4* 30 := 2256 Shillings. 

Now to avoid thefe furd ^antities^ let us make a fecond 
Suppoiitions thus> 

Let I xaaz^ his flrft Sum* 
then 2 4 0 = his Sum after the firft Throw, 
and 3 2 + 5 = his Winnings at the fecond 
Thrown 

24-3 4 I ^aa^ia^ 5 =shis Sum after the 

fecond Throw. 
4 ®^ 2 5 i(>aetaa'^ i6a4a '\''j^oaa 10 a 
j + 4 <a H- 25 r: his Winnings at 

the third Throw. 
4-1.5 6 lbaaaa'^ibaaa'\*^%aa'\'2ie 

+ 30= ^^256 

But to avoid thefe high Equations, let us make a third Sup* 
pofition; thus. 



Suppoie 
then 
and 

2+3 

4 0^ 2 
4+5 



Let 

then 
and 

2 + 3 



2 
3 



'if :=hisftrft Sum. 

2 

ua — bis Sum after the firft Throw. 
^ 4- 5 = Winnings at the fecond 
Throw. 

^ <^ + ^ + 5 ^ his Sum aftej the fecond 
Throw* 

Sttt 
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But as it was the Square of aa-^aJ^sht won at the third 
ThroW) to avoid the Trouble of iquaring it, 

^ / z: his Winnings at the third 

Throw, confequently, 
i e ^ e ^ 2256 Shillings 
' ^ + ^ + 0.25 = 2256.25 
^ + 0.5 = 47-5 

e =s 47« Becauie at the fifth Step e was 
fubftituted ibri7a4~^ + 5 

« 4* ^ + O'^S = 42.25 
+ 0,5 =: 6.5 
= 6 

— =18 Shillings, the Money he had 
* (whca he iirit began to play. 

The Learner will eafily obferve, that the third Solution is 
more neat and elerrant than ciLher ol the other two ; tho' I 
know or no r^n^^l Rule that is given for the Chojce of the 
Quantities to ilate the Queftion, bat it is leU to the Judgment 
and Sagacity of the Reader, and as fuch Methods muft be 
attended with particular Difficuhies to a Learner, I have avoided 
the perplexing him with them; but as he has now a general 
Method of folving Equations, he may ex^rcife his Judgment at 
Us own Difcretion, in the Choice of different Quantities to 
reprefent the fame Queflion. 



fubftitttte 


5 


then 


6 


5 T ^ 


I 


"J* /> n 
Z 


0 


A fill ^ 






Aw 


5 . 10 


II 

» 




12 


12c a 


13 


131102 


14 


14—0.5 


15 


whence 


16 



Method of exprejfmg the Power of 
any ^antity^ by facing a Figure 
over it* 

^^.rr^HERE is a more compendious Method of expreffing 
X the high Powers of any Quantity, than writing 
them at length, by placing a Figure over the Quantity thus, 

4. z ' . * 3 . , 

a is a a a a, and a is a a ay and a is and a b \s a a t h 

that is, tile Figure that itands over the Letter fligw^ to what 
2 Pow€t 



Of exprrjjing the Power of any ^umtity. 

Power that Letter, or Quantity, is involved, which Method of 
Notation is gencr^illy ufed when the l^owcrs arc lilgh. The 
Figures placed over the Qiiantity arc called Exponents. I he Mind 
bciniz a little accuftomcd to this Method of Notation, will as 
calily manage an Algthraic Procefs, when the Powers are cx- 
prefled by Exponenti^ as ii ihey were repeated at length j and for 
the further Eafe of the Learner, in this Method of Notation, v t 
will refume the Solution of Queflion 90, cxprcfling the Powers 
by ExpenentSy that the Learner may compare both the Opera- 
tions together* 





I 

2 


^1 + e ^ I to ixnd a and e. 


I + 


3 


<I» -j- — =2 /* 


3 — 


4 


2 — <• 


5 


^* =r 2 — / 


4 • 5 


6 




6 + ^ 


7 






8 


0 '\' m 


9 




9 — 


10 


e — a m ' — 


10©- 7 


1 1 




2. II . IQ 


12 


«^ 4* ^^^^^ + " 2^2* 2/72i3- -f ^-^ 4- if 

4" 7W — a'^ = 2a 


t3t in Numbers 


^3 


188^24-8836 — 2 a3 — 188^* 4-fl4-f 4 




4-94=as2tf 


13 contra<5led 


H 


1 87^? 4- 8930 — . 2<73 — 188 rt»4-tf* = 0 


13 — 


^5 


— ?+ rr 1 87 J 4- 8930 — 2tf 3 — 1 88 a* 




16 


—54^ 4- = I 87a 4- 8930 188 <2* 

— 4- 2tfi 4. i88a» == i87<i + 8930 


16+ 188 


»7 


17 — 1870 


18 


— a<-4-2<7»4-i88a* — 1^741=: 8930 



In the fame Manner the Lcarnrr may attempt the Solution of 
any of the other Queftions, exprefling the Power*; by Exponents : 

One Thing is to be carefully ohferved, that the Exfwnenthtlongt 
only to the Letter which ftantls uiider it, and when it is onfy 
Unity., or i, it i3 never fet down, hke the Co- efficient when it 
is Um't/ only, it is generally omitted in the Expreltiiont 



i 



C 

*TI:e Method of hhowmg if a ^ejlion is 
I'mitedy or admits but of one Anfwer\ 

or if it is inciefen/m^ea^ thac , admits, 
of fever al Anfwers. 

75. nry he Qucftion being flatcd, that is, all the Equations 
X being exprefTed which are ncceflary for the Solution 
of the Quellion, then if there are more unknown Qiiantities 
than there are Equation^ the Quc'iion admits of a Variety ©f 
Anfwers, and therefore uaiimited or indetcnniiied, gx, gr. 

Here there are three unknown Quantities^ and only two 

Equations. 

Now e ht'mrr in both the given Equations, you may fuppofe it 
any Number under 2 ^ the Icaft of the two given Numbers, as 
iof i/Xaijjplc fuppofe £ zi i6. 

Then the fir ft Equation is a -J" ^ 40« 
And the fecond Equation is 16 4*/ = 20. 

From whence it will be eafy to find a and jr, but if e is fup* 
pofed any o hef Number under 20, then there wiJI be found 

dilfercnt Nutabers for a anr? v, and the like of any other Que- 
ifion, where the Number of unknovvn (^Janti(ies, arc more 
than the Equations which arife from the QucOion. 

But wheti the Number of given Equations are juJI as many 
fit thi unk'ifyivn ^'lantttiiS reqaind to be founds then the Qi»e» 
i^\oK\ generally admits but of one Anfwer, for then each of the 
Qt^inntities fought hath generally but one jingle Value, (hus a9 
It Quefiion 80, where we have 



I 

2 

3 



a T^e — 2y^W = ^ 



Where <? n 5, ^ =z 6, and y == 7. 

• But 



To extras the Cube Root, 307^ 

But when the Number of given Equations exceeds the Number 
*f Quantities foughty they not only lunit the Queltion, but often 
render it impojjible^ as one of the Equations may be inconfiftent 
with another ; as for Example, 

I I ^7-|- ^ = 16 1 

a } 5 ^ 48 > to find a and e, 
3 I a—f = 22 J 

^ Now here arc three Equations, and but two unknown Quart- 
tities, and the firft and fecond Equations include a poffible Cafe^ 
and it may be found what the Numbers are. 

And if we take the fecond and third Equations, they like* 
wife include a poi&bJe Cale, for it may be determined what thofe 

Numbers are. 

Cut Lhrec Equations together render the Cafe impofTible, 
the firft Equation being incompatible with the third, as the Sum 
of two Numbers cannot be lefs than their Difference. 



To raife or hivait a Method to extraSi the 

Cube Root. 

y6. rry fl I S is no more than the Method of Converging 

X Ser'm applied to the Solution of an Equation, one Side 
of which is the unknown Quantity, and is a pure Cubcj or 
raifed to the third Power only, ex, gn 

Suppofe aaazi 9261, where 9261 is a Cube Number, now 
to find what tf, or the Number is that being cubed will produce 
9261, is to extra^ the Cube Root of 9261. 

By the common Method of diflinguifhing of how many 
I'laces the Root will confift, by placing a Point over iher 
Place of Units', and another over every third Figure, the Root 
will confift of two Places, therefore fuppofe the Cube Root 
to be • • • - 20 

20 

400 
20 

8000 which being; Jefs than 
9261 the given Number, the Cube R.ooi of 9261 muft be moic 
than 20. 

r ^ Ntw 
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Now put r 20, and e for what 20 wants of the true Root^ 
then >8 r -4^ « = 0« or the Cube Root of 0261, and proceed at 
in the Method of Converging Series^ Cafe i. Page 230. 

lf| I |r + . = tf, 

Rai(e this Equation to the third Power, becaufe It is the 
Cube Rooty which is to be excraf^ed. 



, 3 
but 



4 in Numbers 

5 — 8000 
6 ^ 60 



2 r r r r r e \ "7, r e e '\' e e e — aaa 

3 aaa~ git i h" the Example, 

4 r r r -j- 3 r / c 4- 3 ^ «' ^ 4" ^ ^' ~ 9^^ ^ 

Put this Equation into Numbers, and reject all the Powers of 
e above as in the Method oi Converging Series, 

8000 + 1200 ^ 4* 60 / ^ = 9261 

Becaufe 8000 is lefs than 9261, tranf-> 

pofe 8000 
1200e 6oee zz 1261 
Dividing by the Co- efficient of e e; 

20 e e e ^ 21 01 

Dividing by 20 -f- that is, by the Co- 
efficient of e plus as ill the Method 
of Converging «SV/'/f 

2r.oi 



7 -f-2Q + 



8 



Operation in Numbers, 

20) 21.01 (l = / 

Divifor 21 21 



.01 Remainder rcje£led. 



r = 20 
►4- e ~ I 



f 4- £' 2 1 which being tried will be found to be the 

Cube Root of 9261, And by the fame Method may the Cube 
Root of any other Number be extra(J^ed. 

But to fave the Trouble of repeating this Operation, when 
any Cube Root is to be extracted, the above Proce(s may be 
made more general, by not turning the Equation at the fourth 
S.ep into Numbers, and putting any Letter for the given Num- 
ber, whofe Cube Root .8 to be extracted, 

Suppole 
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Suppofc as before ana — 9261, let h — 926 r. 

Then aaa::zb^ to find a, or to cxtra^ the Cube Root. 

Now make a Suppofition that 20 is the Root, which being 
tried as before, it will be found too little. Then put 20 = r, 
and becaufe 20 is too little, r in this Cafe is ufually called Ufi 
than jiift ; and for what r wants of the true Root put o whence 
r -\-e will be the true Root, or equal to tf. 

Hence i r + ^ = ^ 

Raife this Equation to the third Power 
as before. 

aaa hzs above 



I ©• 3 
but 
2.3 



2 

3 
4 



As wc know rn'to be lefs than hy findinjr the Cube of 20 
was Ids than die (jivcn Number, therefore tranfpofe r r r, and 
fcjedk the Powers of £ above e e. 



4 — rr r 



'^r r e -\- e e ~ h — rrr 
Dividing by the Co - evident of 4 

+ h — rrr 



As there will be another Divifion before the Operation is 
finiflied, to keep the FraiUon as fioiple as may be, fubftitutc 

Then I 7 I re-\'ee^D 
Now dividing by r + ^, that is, the Co-efficient of eflusej 

yn^r + ^l 8 1' = ^-^/ THEOREM u 

Operation in Numbei-s, 
bzz 9261 
— r r r = — Booo 

120 
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r — 20) 21.01 = (l =#. 



Divifor a I 21 



.01 Remainder neglected* 



r =: 20 
-\- e ~ I 



r-f - ^ = 21 the Cube Root required as before* 

No\v^ fuppofe it was required to €xtra<5l the Cube Root of 
132651. 

Here according to the Method of pointing, the Root will 
confift of two Places, and to make a tolerable near Suppofition 
at the hrft Trial, the iiril Ptnud bciDg 132, I confider what 
whole Number cubed will be the neareft to 132, and I find it 
to be 5, then as the Root conflfts of two Places^ I fupply the next 
Place with a Cypher y and fuppofe the Root to be 50, which 
I know is iefs than the true Root» as the Cube of 5 is lefs 
than 132. 

Hence, as before, we are to determine what the Number is» 
thnt 50 wants of the true Root of 132651. 

Then putting r rr 50, and e what it wants of the true Root, 
and b -:z 132651, we have juil the fame fubflituted Letters as in 
the la(l Example; and if the Operation was repeated it will be 
exaifily liic fame, it is therefore ncedlefs to repeat the Work, 
but oaJy obferving the Equation, qx Theorem to find which 

^ y f f 

is « — , and by Subftitution we have D zz . 

Now h =z 132651 
— / r _^ — 125OCO 



3r— 150} 7651 (51,006 =s;X>, 

7 SO 
151 
150 



1000 
900 

100 



To extraSt the Cube Root. 

r:r 50) 5i«oc6 = Z) (x 
+ ^ = r 

Divifor 51 

.006 Remainder negle<Sle<i« 

Now it was r n; 50 
We have found i- zr i 

r + — 51 the Cube Root of 132651, which 
being tried will be Jouiid to be true. 

And in the lame Manner, the Cube Root of any other Num* 
ber may be extracted, without repeating the AlgebraU Work, 
when the Number afliimed for the Root is lefs than the tru$ 
Root : But when the Number afTumed for the Root is too much» 
or more than the true Root> then we proceed as in the following 
Example, in the fame Manner as at the fecond Caft of Conver^in^ 
Series^ Page 235. 

Required to extra£^ the Cube Root of 24389, or aaa 

By the ufual Method of pointing, the Root will confid of two 

Fir.ures, rhe flrfl: Period of the given Number is 24, and tho 

Cube of 3 being the neareft of wliole Number? to 24, and Tup- 
plying the other PI:ice of the Root with a Cypher^ I fuppofe 30 
to be the Cube Root of 24380, but the Cube of 30 is 270CO, 
which being more than the given Number, the Cube Root can- 
not be fo much as 30* 

Therefore let r = 30, which is now too great or mTre thanjujf^ 
and what 30 is too much call then will r — e a\ or 
the true Cube Root required, and calling the given Number 
^4389 = ^, 

we have i r — iz=a 

Raite this Equation to the third Power 
as before. 

1 ©- 3 2 rrr — 3 rr^ + 3 ''^^ — '^^^t 
but 3 aaa — 24389 = ^, as ^ is put for the 
given Number. 

2*3 4 ^^'* — 3rr ^ + 3'*""^^" = ^ 
Bccaufe b is lefs than rrr, tranfpofc b and rejciS the Powers 
of / above e i. 



4 — b 



rrr^h — 3 rr^-f-3 ~ ©♦for one 
Side of the Equation lubi'lrac^ed from 
the.other Side muU leave 0, or K:tbh/e» 

Then 
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Then tranfpore all the Powers of to the other Side of the 
Equation. 



5 + 3'- 

7-r 3^ 



6 
7 

8 



3r r <r = rrr — h -Y'^r ee 
'^rre^'^ree=.rrr^h 
Dividing by the Co*efficient of ee^ 

r r 7' ' - b 



As there will be another Divinon before the Operation is 

fini(bed, to keep the Fradton as iimple as may be, fubftitute 

^ rrr — h 
Q = 

Xhcn I 9 \ r e — e e ^ G 

Now dividing by > — that is, by the Co- efficient of/ 
minus 

G 



9 -T- r — e ID 



TH-EORMMz. 



Operation, 



r rr~ 2700© 
— ^ = — 24389 



3r^90) (29.01 = 



811 
8ro 



100 
90 



10 

r =: 30) 29.01 z: <? (i = / 
— I 



Divifor 29 2Q 



»0i ilemainder negledled. 



r = 30 

r — e := 29 = ^, which being cubed will be found the true 
Cube Jloot of 24389. 

In 
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In this Cafe, , the Qiiotlent Figure is fubftraded from the Di- 
vifor as It is found, the Divifor at the tertth Step being r — 
whereas in Thtorcm I, p. 309, it wa? at the eighth Step r -|- ^. 

Now as the firft fuppoied Root muft be too great or too little, 
unlefs it happens to be taken exadl at the firil Time, therefore 
thefe two Theorems will extract the Cube Root ol any Nquibcr, 
as in jthe following Example. 

Let it be required to extra<^ the Cube Root of 14526.784 
From pointing the whole Numbers according to the ufual 
Method in common Arithmetic, the Root will confift of two 
Places of Integers, the firft Period of the given Number being 14, 
the Cube of the whole Number which is neareft to 14 Is 2; 
and fupplying the other Place of the Root with a Cypher^ I fup. 
pofe the Root of the given Number to be 20, which is too little, 
or lefi thanjufiy the Cube of 2 the firft Figure in the Root being 
lefs than 14, the firft Period in the given Number. 

Then putting b = 14526.784 r ~ 20, and i what 20 wants 
of the true Root, we proceed as at Theorem i, page 309, where 

e = ^ , and by Subftitution D ssizHT. 

bzz 14526.784 
r f r = — 8000^ 

3 r = 60) 6526.784 (108.78 neareft =: !>♦ 

60 

526 
480 



467 
420 



478 

r=z2o) J 08.78 =z Z> (4.44 = /. 

+ 4 
Divilor 24 <)6 

4.4 I27» 

Divifor 28.4 1 1 36 

.44 i42dO 

Divifor 28.^^4 1 J 53^_^ 

2t)04 
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The Reader will obferve that the Quotient Figure is adde<l 
twice to the Divifor to compleat it, in the fame Manner as at 
the Method of Convsrging Strm, Page 233, 

Now r r= 20 
+ f = 4-44 

r + e = 24.44 and to try whether this is the true Root ©f 
the given Number cube it» 

24.44 
2444 



9776 

9776 
9776 
4888 



597-313^ 
^'44 

23S92544 
23892544 

23892544 
I 1946272 

14598.344384 which being greater than (he given Num- 
ber, the Koiit cannot be fo much as 24.44 

To approach ftill nearer to the true Root, make- a fecond 
Operation, fuppofing the Number laft found, viz. 24.44 '*> 
and put 0 for what that Number is too much, then r — ^ will 
be the true Root, and putting the given Number 14526.784 

~ ^, we proceed as at Theorem 2> Page 312, where e = ^ ^ » 

ani by Subnitution O- = — — . 

rrr — 14598. -^44384 
zz ---i4^?6^84 

3r = 73-3^) 71.560384 (.976 = 6?, 

557^3 
Si?24 

4399^ 

399^ 



fo extract the Cube Root. % 1 5 

r =: 24.44) .9760 — G (.04 == 

— # =: 

Divifor 24.40 97^^ 

o 

Now r =: 24.44 by the fifft Operation. 

— ^ =: ^ .04 

r — ^1= 24.4. which being cubed, will be found the true 

Root of 14526.784 

Therefore by the fecond Operation ihe true Root is found. 

For a further Variety, let it be again required to extra^a the 
Cube Root of the fame Number 14526.784 

But let us fuppofe the Cube Root to be 30, the Cube of 
which being 27000, the Root cannot be fo much as 30, then 
putting r — 30, we ihall have r too great or more than juft^ 
and putting e what it is too much, then r — e will be the true 
Root, and calling the given Number 14526.784 = h we pro- 
ceed as at Theorem 2y Paee 312, where ^ = » and by 

Subi^ituiion G zz LLLZlt, 

r r r n 27000. 

— ^ — — I45^^'7 ^4- 

3r = 90) 12473.216 (138.591 ^= G. 
90 



347 
270 



773* 
720 



532 
450 



821 
810 



90 



26 
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r=3o) 138.591 =G (5.7 



Divifor 25 125 



— 57 1359' 
Divifor 19.3 1351 



8 



r = 30. 



r — e=i 24.3 to try whether this is the Cube Root of 

14526.784 cube 24.3 

'24-3 
24^3 



729 
4S6 



59--49 
243 

177147 
236196 

1 J 8098 

* 

14348.907 which being lc^^ than the ^ivcn Numher 
14526.784 the Cube Root mutt be 
more than 24.3 

Now for a fecond Opcratiorij and let r = 24 3 and what it 
wants of the true Root call then will r-f- ^ be the true Root, 
and ftill calling the given Nnraber 14526.784 = ^, we now 

piocccd as at HHorem i. Page 309, where i = — > and by 

r 4- <? 

SubAitution D = iLnilLC. 
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b = 14526.784 
— r r r = — 14348 .907 

3 r = 72.9) 177.877 (2.44 = i>. 

I45g 

3207 
2916 

2916 

I 

r = 24.3) 2,^^zzzD (.1:=:/. 
+ .1 

Divifor 24.4 ?44- 

o 

r ~ ^4.3 by the firft Operation* 
+ <r zr: .1 

r -|- ^ ^ 24.4 the true Root as before. 
In the fame Manner may the Cube Rout of any other Num-* 
ber be cxtrasited, and iho' the true Rooi rriay nc t always be ex- 
actly had, yet by repeating the Operation you nu.v -approach to it, 
withiii any airignable Degree of Lxactnefi., and il a frr.al) Miftake 
happens in the hill, it will be correcled at the fecond Operation. 



To extraS the Biquadratey or fourth Root, 

THIS Operation proceeds in the fame Manner as in (he 
Cube Root, onJy raifing the r -\- e ot r — e to the 
fourth Power, thus^ 

Rtrquired the Biquatirate or fourth Root of 194481, or of 
aaaa-rz 194481. 

By placing a Point over the Place of UnitSy and another over 
every fourth Figure, we Oiall find the Root will confift of two 
Figures: And the firft Period of the given Number being 19^ 
now the Biquadsare or fourth Power of 2 being 16, which 
being the ncaici^ in Intege«s, nnd fupplyliig th.- other Place of 
the Rout with a Cypher^ Uippofe 20 to be the Biquadrate 
Root of 1944S ! ; b it the Biquadrate of 20 be;ng_ only 16000O, 
the Root iTiull be ni<tie than 20. Now let r 1- 20, and putting 
e ror what 20 wants o^ the true Root, then v.inr-f-^* — ^ 
be the true Root requi;ed; and caiiing the given Number 
19448 1 = ^} then a a t4 u =. b* 

Now 



I 
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Now I I \ r e z=. a, 

Raife this Equation to the fourth Power, becaufe it is the 
Btquadrate Root that is to be extracted, 

1^4 



But 

4 — . r r r r 

5 -r- 6 r r 



3 
4 

5 
6 



all the Powers of e above i. e being 
reje^ed . 

a a a a h., b bcijpg put equal to the 

given K amber, 
rrrr-\-j\,rrre -^6rree=^h. 
Beciiure rrrr is Ufs than i?y tranfpofc 

r / r r. 

Dividing by the Cu-effident of ee^ 
2re I — rrrr 

3 



6r r 



'As there will be another Divifion before the Operation \» 

^ ^ ^ 

ftiifhcd, therefore as in the Cube Root, put D = g-j- — 



Then 



2r 



Now dividing by y + Co-efficient of a 

8 ^= ^ THEOREM u 
3 



Operation i» = 1 94481 



6rr — 2400) 344S1 (14-367 = '^* 

2400 

] 048 1 
9600 



8810 
7200 



161 00 
144C0 

17000 



2r 
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— 13-33) 14-367 = Z> (i« = e. 
3 



J4-33 H33 



37 Remainder nc^U(3cd. 



r — 20 




Will be found to be the Biquadrate Root of the given Number. 

And if we here take tbe firft Root too great, or more than 
the Truths the Operation is tbe fame as ratfmg the fecond Theorm 
for tbe Cube Root. 

Suppofe aaaa^ 456976, to find the Biquadrate Root. 

The Root being found to confift of two Figures as before, 
and the firft Period in the given Number being 4.5, and thc^ 
Biquadrate of 3 being 81, fupplying the other Place of the 
Root with a Cypher, let us fujipole 30 to be the Root, but the 
Biquadrate of 30 is 810000, which being more thaa 456976, 
the Root cannot be \o much as 30. 

Then putting r — 30, and e what 30 is too much, we have 

r ema i\kt Root required j and putting b =, 456976, we 

then have aaaaxsib. 



Powers of e above ee* 
J 4 2 rrrr — ^rrre-^^rree-^aaas 
But 3 aaaa^h 
2.3 4 rrrr — 4 rrr (f-f- 6 rr^tf = A 

Becaufe h is lefs than rrrr therefore tranfpofe b. 



Now 



I 



r — e r^a 

Raifing this Equation to the fourth 
Power as before, and negle£iing the 



rrrr — b — Ji^rrreA~^rree:zi o, 
one vSide ot ihe Equation bci/ig fub- 
ftrat^^^d from the other, inufl leave 
nothif/gy now tianipofc the ieveral 
Powers of <f. 



5 + 4''^ 6 



r r r e r r r r — b 6 r re e 



6- 



I 
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7. 



8 



^rrre — (y r r e e r=zr rrr — $ 
Divide by the Co-efficient of 
'2.re ^ rrrr — b 



For the fame Reafon as in the laft Operation, fubftitute 
Q rrrrr^,h 



1. ' ■ • 



6rr 
Then 



Now divide by — — ^, that i^, by the 

3 

Co-efficient of e Ufse, 
e = — ^ THEOREM 2. 



10 



2r 



' Operation, 

rr rr=8ioooo 



29624 
27000 



20240 



40400 
37800 

26000 
21600 

440Q 



2r 
3 



ao.) 65.374 G (4.08 = 
4 



DivifoT 16. 64 



— .08 13740 

Diviior J 5.9 2 12736 

1004 



t 
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^ = 30 

ezz — 4.08 



r-—^= 25.92 =£^9 and to try if this is the Root^ 

raife 25.92 to the fourth Power. 

25.92 
25.92 



5184 

23328 
12960 

5184 

671.8464 

671.8464 

20873856 
40310784. 
26873856 
53747712- 
6718464 
47029248 
40310784 

45*37 7 '5^5 ^9^9^ which being lefs than the given Number 

456976, the true Root muft be more 
than 25.92 

Then for a fecond Operation let r = 25.92 and for what \t 
wants of the true Root put ^, that now r + / :^ and ftiJl 
calling the given Number 456976 = by this is exactly the fame 
Cafe as when we raifed the firft 73^«rm, Page 318, for the 
Biquadrate Root, whence we have no Occadon to repeat 
the Algebraic Work, -but to ufe that Iheorem^ where 



. and by Subiiitutioa D.^ — i 



T t 



3" 
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b =456976. 

rrrr:=:— 451377.5852 



6rr= 4031.0784) 5598.4148 (1.3888 

4031C784 



15^733640 
120932352 



358012880 

322486272 
■ I..- ■ 

355266080 
322486272 



32779808 

VL = 17.28) r.3888 =: D (.08 = <r. 

+ .08 

^^^^^^^^^^^^^^^^^^^^ 

Divifor 1736 13888 



o 

r!s= 25.92 by the fiift Operation. 
^ ^ =z .08 



r + ^ = 26. s= ^, which being involved to the fourth 
Power, will be found the true Biquadratg Root of 456976. 

The Reader will eafily obfcrve that thefe two Theorems will 
extra^ the Biquadrate Root of any given Number, in the fame. 
Manner as the two Theorems did for the Cube Root. 

In the fame Method may Theorems be raifed to extract znj 
Root, it being no more than to fuppofe a Number to be the re- 
quired Root, and try whether it is too great or too little; then 
calling it r + ^» or ^ — ' ^ = tfj or the true Root, as the Occaiion 
requires, and raife this Equation as high as the Root is to b« 
•Ktrai^ed, after wiiich the Operation is the fame as before. 

T$t 
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To turn Equations into Analogies, 

f 

77,OUPPOSE there was given this Proportion a\h:*,c\di 
1^ then multiplying Extreams and Means we have this 
Equation adsszbc^ now as we get an Equation from Quantities 
in continual Proportion, by multiplying the Extreams and 
Means, and making one Produif^ equal to the other. Hence to 
turn any Equation into an Analogy, is only the reverfe, by 
taking the Quantities that compofe either Side of the Equation, 
and making them ih^ two Extreams, and the Quantities that 
compofe the other Side of the Equation, and making them the 
two Means in the Proportion. 

To turn the Equation m =: %a into an Analogy. 

One Side of the Equation is compofed of the Quantities m 
and d. 

And the other Side of the Equation is compofed of the Quan- 
tities 2 and (J. 

Hence piacing thcie Quantities according to the Diredion> 
have mix, i aid 

Or d:z::a :m 
Or z:d: : m : a 
Or zi m : : d : (iy 6tc, 

for multiplying the Extreams and Means cither of thcfc 
rroporti(Mis, we Oiall ftill have the given Equation dm 

Again, fuppofe the Equation anz^hdx^ and it is required to 
find the Proportion of a to b* 

Now one Side of the Equation is compofed of the Quantities 
a and 

And the other Side of the Equation is compofed of the Quan- 
tities h and d x. 

But in ranging thefe Quantities, make the Quantities a and 
whofe Proportion is required, the firft and fecond Terms in 
the Proportion, and place the other Swo Quantities fo, that if 
the Extreams and Means were to be multiplied, they will pro- 
duce the given Equation, and then we (hall find a \ b : d x:n* 

From the Equation dny — bxxy to find the Proportion of 
dto h. 

By the Dircaions we fliall hnd d: b : : x % : n ^. 



T t 2 



From 
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From ~~ =zpxd, to £nd the Proportion of a to </, which 



m 



a n 



IS aid', ipx \ — for multiplying Extreams aiiJ Means 

^ tn 
= dpx. 

To find the Proportion of a to z from — = — , here 

y X 

h n 

X r 

To find il;c Pioportton of to from a b \ a h =: dnv. 
Here ab ;d : \ ny \ i, for muJLiplying Exlrean.s aud ivkaas 
we h^ve ab ^ dny* 

78. I fliall now fhow the Learner, the Certainty of the 
Rules on which this Science is founded; this I have purpofeJy 
omitted in the Beginning of the Work, imagining it unrea< 
fonable to exped a Learner to fee the Force of a Oemonftra- 
tion in Algthra^ before he is acquainted with its Chara^ers and 
Language, 

The Foundation of tranfpofng ^amities* 

H I S is grounded on the obvious Truth, that every Thing 
JL is equal to iifeif; that is, mzzm^ and — y — — y ; whence 
to tranfpofe any Quantity, is only to make that Quantity equal 
to ilfelf, prefixing to it the contrary Sign, and adding it to the 
given Equation. Suppofc there is given 



Now 

And 

3 + 4 
LaftJy 

5 + 6 



2 

3 
4 

5 
6 

7 



a'—h'\-d — = to tranfpofC) by 

and m» 
B = h 

a -\'d — m::z % -^^ h ■ 

•^dz^^d 

a — mzzz -^h'—d 

a^X'^'b'-^d'^m 



SUBSTRACTION. 

I fay to fubftraia a relative Qtiantity from a pojJiive, is only 
change the Sign of ti^^ hc^au^je Quantity, and add it to the 

pofitive 
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pofithte Quantity, and thi$ Sum will be the Remainder required. 
That is. 

If X — y is fubflra^led from + ^^^J Remainder it 
for 



Suppofc 
And 



I 
2 



X — ys^n 



Now if it can be proved that %y Is equal to the Difference 
between m and «, it follows that to fubilratfl z. negative Quantity 
is to change its Sign an4 add it. 

Now in the firft Equation for x write «-{-y, for that la 
equal to Jir, - 



Then 
4 — » 



4 
5 



7.y:iim — ». Q. E. D. 



I fay further, that to fuburac^ a negative Quantity from a 
negaiivt Quan^ty, is done by changing the Sign of the Qijantity 
to be fubllradcd, and then add'trifr ihem by i!ie Rules in Addi- 
tion, and the Suni will be th^ Di^aence requited. 

Suppofe I I \ X — ly m 
And I 2 I X — y = n 

Now the fecond Equation being fubftrafled from the firft 
according to the Rule, leaves — yz=.m — n\ and if it can be 
proved that — y m — «, then to f<ibftra£l a negative Quantity 
from a negative Qijantity, is only to change it& Sign and add it» 



^-\-y 

I • 3 
5 — » 

That is 



3 
4 

5 
6 



« +y — 2y = »» 
y — 2y = m-^tt 
— y zi m — ». Qi E. D. 



And that m — n is a negative Qtmntity is evident, for 
X — 2y cannot br fd great x — y, they being fuppofed poHtive 
Qi>antities, and ihcrcfore m cannot be fo great as coji- 

Icqucntly 
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fequently » is a negative Quantity, and therefore may lie 
tqual to — y. And in 

MULTIPLICATION, 

I fay unlike Signs b^ing multiplied give — in the Produd ^ 
that is, — X rr — a a. 
To prove virhich, I take for granted the following 

LEMMA. 

That no Quantiucs conne£led by the Sign -|- only, or by 
the Sign — only, can be equal to nothings That is, it cannot 
be — CI — A = o, or a 4- ^ = o» though it may he a — ^ = o, 
er ^ — « = O. 

Now, if poifible, let— « produce a a where the Sign of 
the Product is affirmative. 



Let 



1X2 



I 

2 



m — = o 

<7 = /7, that is, every Quantity is equal 
to itfelf. 

ma aa ^ oa^ by the Suppofition, 
that is, ma^aa is equal to nothings which is againft the 
Lemmay therefore — ay, a cannot produce a 
But, I fay — axazz — a a. 

Let I [ m^a zz o 

2 ^ a ^ for any Quantity is equal 
to itfelf. 

1X2 3 ma^ae'zzoay that is, m tf ^ is 
•qual to nothings whence mazzaa. Now that mai=zaah 
evident, for m — <jr = 0, therefore m = and multiplying by 
•a we have ma izr. aa^ confequently — « x <j — — <j a. E. D, 
I fay further, that like Signs tho'-^bci ng multiplied, pro- 
duce -f- in the Product. That is, — ax — a produces aa^ and 
Hot — a a, for 



Let 



I 

2 



m — azz o 

— ^ r= — a, every negative Quantity 
being equal to itfelf. 



a a. 



Then 



Now, if polTible, let — /?X — j produce 

I X 2 \ 3 1 — ft a — aa = — o*y, bythe Suppo- 
is, — ma — aa\s equal to nothings which is againft 



fition, that 



th6 
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the Lemma^ therefore — ax — a cannot produce — <7 but 
the Sign mull be 4- or G^nnaitvii which may be further 
proved (husy 

I •tf = 0 

Andiih^i ?n a = a a 



Let 
1x2 



is equal to nothings from wheace ma^aa. And that ?naz= aa 
is evident, foriw— = C, therefore «» =r a, and multiplying br 
we have /» = « tf. Hence*— tfX-^tf z: Q.E.Dt 

DIVISION. 

As unlike Signs in Multiplication produce — in the Frodu^l, 

I (ay that. 

In Divirion, unHke Signs being divided, give- — in the Quo- 
tient, that is, \i ah — bb = o, and both Sides of the Etjuatioi^ 
he uivided by I fay the Qiiotient will be ^ — b, and nottf-j- ^. 

iuppofe uidike Signs 10 give -f- in the Quotient, 



If 
Let 

1-^-2 



I 

2 



b^b 

o 

+ ^ = -J* by the Suppofition, that is 



n -f ^ is equal to nothing^ which is againft the Lemma^ there- 
fore an Abfurdity follows the Sup|, ufuion, that unlike Si^rns 
pivc + in the QuoUcat j but I fay uaiiice Signs. give — in the 
Quotient. 



Let 



X-r-2 



I 

2 



^ ^ d — i^ = £-, thatis, tf— ^iscqualt^ 
nttblngy whence^ — ^, and that a = bis thus proved. 

I +bb I 4 I ab:=ibb 

5 l<i = *. QrE. D. 

I fay further, that like Signs being divided, though they arc 
MitgatiVi^ give -J- in the Quotient, that is, ab — bb divided by 
b^ the Quotient is «— 4- ^9 and not ^. 

If 



f 
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If like Signs though » give in the Quotient ; then 

Let 1 ah — hh 

2 — ^ ~ — b 

I -T- a 3 — — i = by the Suppofition, that 

is, — a — h is equal to mtbingy which is againft the Lemma^ 
therefore an Abfurdity follows the Suppofition^. that like Signs 
though — give — in the Quotient. 

But, I fay, ab — bb divided by — ^, the Quotient is 
— a -\- b^ that is, like Signs though — give in the Qyo- 
aciit. For, 

Let 



I a b — b b — O 

— tf + ^=T» tlwt is, — tf + ^i, 

b 

equal to nothings whence b = ay and that a i$ evident, 
thus, 

I ^bh I 4 [abzzbb 

5 \azib, Q.E. D. 

By this the Learner will fee that like Signs though — both 
in Multiplication and Divifion, muft give •f in the ProduA and 
Quotient, for an Abfurdity follows the contrary Hypothcfis, or 
Suppofition, of their producing — in either the Product or 

Qi_iotient. 

Tiie other Principles of this Science are very obvious, bein» 
the plain Confcqucncijs of the Axionii mentioned in the Be- 
ginnijig of the Work. 



FINIS. 



